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ABSTRACT 
The studies reported involved the examination of 4,180 dead 
embryos of known pedigree from 16,462 fertile eggs produced by 
567 hens mated to 86 sires and involving several typ s of special 
matings. Particu lar consideration was given to the age of the 
embryos at death, to distribution of the sexes and to descriptions 
of all types of abnormal embryos encountered; as influenced by 
ti me of hatch, by breed, by character of mating, by sire and by dam . 
Tests were inade of the possible inheritance of commonly en-
countered anomalies. Mortality curves were of the same general 
type as reported by previous investigators but varied appreciably 
at certain periods of incubation for different breeding stock. Slightly 
more than 60 per cent of the dead embryos (when all dead embryos 
were examined) or over fifteen per cent of the fertile eggs set, were 
classified as being abnormal in some way. Abnormalities of the 
eyes increased markedly in incidence as the season advanced, while 
the incidence of hemorrhage decreased for later hatches. Season 
had little affect, however, upon the occurrence of most types of 
abnormal embryos. Limited breeding data indicated that cbon-
drodystrophy is inherited, and that if so the mode of inheritance is 
complex. The hypothesis is sugges ted that no innate differences 
underlie specific malposltions but rather that an impaired sense of 
orientation is perhaps the primary consideration. Evidence pre-
sented supports the view that breeding ls an important factor in 
the incidence of malpositions. It is believed that a sex-linked 
lethal gene was responsible for aberrant sex ratios observed in 
.:ertain instances. Dwarfism is shown to be Inherited as a simple auto-
somal recessive. Breeding results Indicate that (a) dwarfism and 
stickiness are controlled by separate genes, (b) creeper and dwarf-
ism are distinct traits and (c) chondrodystrophy is not associated 
In inheritance with any of these characters. 
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STUDIES ON EMBRYONIC LETHAL CHARACTERS 
IN THE DOMESTIC FOWL* 
INTRODUCTION 
The problem of reproducing the flock with greatest efficiency 
is of primary Importance to all poultrymen. Under existing con-
dit ions, it is necessary to set an average of fifty per cent more eggs 
than the number of chicks expected. Furthermore, it is necessary to 
start in th e brooders three to four chicks for every mature pullet 
desired. This inefficiency is due largely to mortality of the em-
b1·yos and of the subsequent chicks. It seems plausible to believe 
that some of this mortality may be caused by inherited lethal genes. 
The present study was undertaken in an attempt to ascertain the 
exis tence of such genes in breeding stock of the more popular 
breeds and to determine the mode of inheritance of lethals en-
countered. 
Advancement has been made ln the past decade toward the per-
fection of mechanical equipment used in incubating the eggs and in 
brooding the chicks. Tremendous strides have been taken toward 
the better nutrition of growing chicks and of breeding birds so 
that losses resulting from physiological disturbances have been 
greatly reduced. The control of disease has likewise advanced 
rapidly. But improvement in reproductive efficiency by the elimina-
tion of inherited defects from the breeding stock has received scant 
att ntion. 
Extensive observations have been made in the field of abnormal 
embryology of the chick, but little has been done to determine the 
possible inheritance of abnormalities observed. There is little ques-
tion that abnormalities frequently arise from other than inherent 
causes, but until extensive tests are made to ascertain whether or 
not a given abnormality is inherited, the assumption of non-inherit-
ance remains a mere guess. When it is establshed that a given 
lethal character ls inherited steps may be taken to eliminate it 
from the fiock. 
The great number of inherited lethal genes which have been 
discovered in Drosophlla and the ldentlficatlon of a number of 
inherited lethals Jn larger animals points to the probablllty that a 
number of them exist Jn the domestic fowl. 
• The work presented in this bulletin was conducted at Iowa State College and 
at Louisiana State University. It was accepted at Iowa State College a s a disser-
tation in partial fulfi llment of the r eQuirements for the degree of Doctor of 
PhiloPophy. 
REVIEW OF LITERATURE 
Henderson (1930) gives an adequate classification of the most 
important known influences bearing upon embronic life and presents 
a comprehens ive review of the literature covering all phases of the 
problem. 
Hatchability of eggs or its component factors has been shown 
to be inherited. Pearl and Surface (1909 ) and Pearl (1911) indicated 
that differ ences in hatcbability were probably inherited. Hays and 
Sanborn (1924) concluded that high hatchability is dependent upon 
one dominant gene. Dunn (1922 and 1923a) however issued the 
warning that, "The first advance we can make over this (i. e. con-
s idering hatchability as a general trait) is to abandon the concept 
of hatcbability as a single or simple character . . . . the logical 
method of approach is t o study separate causes singly wherever 
that is poss ible." Hays (1926) has offered evidence that the male 
is an important factor in the determination and inheritance of 
hatchability. Jull (1928) states, "All of the avai'lable evidence 
to date concerning factors affecting hatchability points to the con-
clusion that hatchability is inherited . . . . Undoubtedly malforma-
tions ar e r esponsible for a goodly proportion of fully formed chicks 
that fail to hatch and t his aspect of the subject should be investi-
gated much more thoroughly than has been done up to the present." 
Snyder (1931) reports that, ". . . . somewhat encouraging results 
are being obtained which would suggest the possibility of establi sh-
ing families more or less homozygous for high hatching ability, 
and others for low hatching ability." Jull (1930) concludes, contrary 
to the hypothesis of Hays and Sanborn, that probably more than 
one pair of genes is involved in the inheritance of hatchability. Jull 
(1932) gives a comprehensive review of work bearing upon the 
inheritance of hatchability and concludes, "Undoubtedly several 
pairs of genes determine hatchabil!ty, and it is apparent that dif-
ferent pairs of genes vary in their effects .. .. " 
The influence of malpositions of embryos upon batching quality 
has been investigated rather extensively. Sanctuary (1925), Hutt 
(1929) , Smith (1931) , Byerly and Olsen (1931) and (1932) , Taylor 
ll932) and Hutt and Pilkey (1934) have all published work bear-
ing upon some phase of this problem. The three first named in-
vestigators have expressed the belief that malpositions may be In-
herited, but conclusive evidence has not been submitted. Kuo (1932) 
discusses at some length seven different critical stages In the 
normal development of the avian embryo and the mechanics in-
volved in the emergence of the chick from the · shell. He states that 
Jhalpositions result if the embryo fails to pass successfully any one 
of the seven criti cal stages: 
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Extensive descriptions, illustrations, and classifications of tera-
tological monsters in chick embryos have been made by Dareste 
(1891) , Stockard (1921), Lesbre (1927), Hutt and Greenwood (1929bJ, 
Hutt (1930a) and Hutt and Pilkey (1930), but conclusive evidence 
as to the inheritance of different types of monsters is lacking. 
Payne (1919), Byerly (1930), Riddle (1930), Smith (1933) and 
Byerly, Knox, and Juli (1934) have published results concerning the 
distribution of mortality during the period of incubation and have 
offered some explanations as to the causes of the two sharply de-
fined peaks or modes of mortality which occur, one near the begin-
ning of embryonic development, the other near the end of the in-
cuba tion period. 
Wriedt (1930) discusses at length the lethal factors known in 
domestic animals. Concerning the occurrence of lethals in live-
stock, this author states, "Among cattle seven recessive lethal fac-
tors have a lready been noted, among horses one, among swine one, 
and among sheep two, and this in spite of the fact that investi-
gations of lethal factors among livestock are not general." 
Three definite embryonic lethal factors have been reported in 
domestic fowls . Dunn (1923a) reported a recessive embryonic lethal 
factor linked with r ecessive white plumage color in Wyandotte 
stock. This factor appeared to exert its influence relatively early 
in the incubation period . 
Dunn and Landauer (1926) and Landauer and Dunn (1930a) and 
Landa uer (1930) and (1932) have offered conclusive proof that in 
th e homozygous condition the creeper trait, which is determined by 
a single dominant gene, is lethal. The characteristic lethal period 
is designated as beginning on the fourth day of incubation a lthough 
a small percentage of homozygous embryos survive until the last 
week of incubation and in rare Instances are a live at hatching time, 
but they never hatch. 
An inh erited recessive character designated as "sticky" has 
been investigated by Byerly and Juli (1930) and (1932) and Byerly 
(1931). which is lethal in the homozygous condition. The outs tand-
ing characteristics of such embryos are the extreme · softness of the 
bones and the unabsorbed amniotic and allantoic fluids which are 
very viscous at hatching time. A general edema is usually noted. 
The lethal action occurs during the latter part of the incubation 
period and, as s tated by Byerly and Juli (loc. lit.), "Stickiness . ... 
permits life withing the shell, but . is a bar to hatching." 
Crew (1925) reported the dominant factor for frizzled plumage 
as being lethal when homozygous but later work by Hutt (1930b), 
Landauer and Dunn (1930b) and Landauer (1930) failed to reveal 
either a gametic or a zygotic lethal factor associated with this 
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character although excessive embryonic mortality occurred in frizzled 
stock. This was explained as being due to the action of physio-
logical factors. 
Chondrodystrophy in the fowl was first reported by Landauer 
and Dunn (1926). Considerable work has been done since its dis-
covery to determine whether or not chondrodystrophy is inherited. 
Dunn's (1927) results militate strongly against genetic recombina-
tions as a causal factor, however he states, "the distribution of 
chondrodystrophy among the descendents of the inbred 'chondro' 
family, irregular and rare as it ls, might still be reconciled wilh the 
theory of inheritance if the hereditary basis of chondrodystrophy 
were not a single factor but elther a combination of several re-
cessive factors or a general hereditary background determining sus-
ceptibility to external or internal conditions which disturb develop-
ment." Hutt and Greenwood (1929a) found no semblance of genetic 
ratios and report negative evidence for chondrodystrophy being due 
to genetic constitution of the embryo but they state, "However, the 
greater frequency of the abnormality in the progeny of certain birds 
of our fiock than from others suggests strongly that the tendency 
to produce it is inherited." Munro (1932) concludes. ". . . . the 
evidence is strong for believing the malformation to be due to 
genetic factors which depend on unfavorable environmental con-
ditions to become phenotypically expressed." Byerly, Titus and 
Ellis (1933a and b) on the other hand, have concluded that chondro-
dystrophy is not a n inherited character. It appears, then, although 
evidence offered to date ls somewhat conflicting, that chondrodys-
trophy may be inherited but, if so, the mode of inheritance is 
complex. 
Connecticut (Storrs) Agr. Expt. Sta. Rpt. (1926) states that 
" .... the pure rumpless condition is not necessarily lethal, since 
one rumpless fowl bas been found to be pure, and to produce only 
rumpless chicks when bred to normal males." 
Landauer (1929) reported a case of thyrogenous dwarfism in 
the Rhode Island Red fowl. Careful histological studies were mad e 
of several glands, but no data were available as to the Inheritance 
of this condition. Mayhew and Upp (1932) and Upp (1932) have 
offered limited evidence which indicated that dwarfism is inherited 
as a recessive character and that it has a delayed lethal action. 
Death is occasioned apparently by a failure of certain ductless glands 
to function properly. 
EXPERIMENT AL 
Materials and Methods 
The material used in this study was collected over a three· 
year period, 1931 to 1933 inclus ive, and at two different institutions. 
The first work was done during the spring of 1931 at Iowa State 
College. Examination was made of 206 dead embryos from 653 
fertil e eggs set from 26 White Wyandotte females mated to four 
males. One hundred and forty-seven additional embryos, repre-
senting only a portion of those that died from 532 fertil e eggs, were 
6xamined from 15 other dams of various breeds. 
During the fall of 1931 and the spring of 1932, a total of 974 
embryo examinations was made at Louisiana State University. This 
was the tota l number of dead embryos from 3,843 fertil e eggs set 
from 159 dams mated to 28 sires. Of the individual matings, 31 
were S. C. W. Leghorns , 104 Rhode Island Reds, 5 White Wyandottes 
and 19 cross-breds. At Iowa State College in the spring of 1932, 
a total of 473 embryos that died on or after the 14th day was ex-
amined from 89 closely inbred S. C. W. Leghorn hens mated to 8 
males of like breeding. A total of 2, 733 fertile eggs was set from these 
hens during the season of examination. 
A total of 1,163 dead embryos was examined at Louisiana State 
University in 1933. These mbryos were obtained from 4,082 fertile 
eggs produced by 133 hens mated to 25 sires. The individual mat-
ings were as follows: 56 S. C. W. Leghorn matings, of which about 
one-half were mildly inbred matings, 15 R. I. Red, 4 creeper, 6 White 
Wyandotte and 52 matings of cross-breds and R. I. Reds. 
Also in 1933 at Iowa State College 1,217 dead embryos (14 days 
or older) were examined from 4,619 fertile eggs laid by 147 highly 
Inbred S. C. W. Leghorn hens mated to 12 inbred Leghorn males. 
T:hls stud y involved, then, 4,180 dead embryos of known pedi-
gree from 16,462 fertile eggs produced by 567 hens mated to 86 
sires and lnvolvlng several types of special matings. 
Description of Abnormalities Encountered 
Chondrodystrophy. This abnormality vari es greatly in degree of 
expression, ranging from embryos mildly affected to extremely abnor-
mal embryos. The most common characteristics of chondrodystrophic 
embryos are "parrot beak" resu lting from shortened lower beak and 
downward curvature of upper beak; skull bulged anteriorly, causing 
head to have a globular contour ; greatly shortened and thickened legs; 
retarded down growth; and a general r etarded size. 
Creeper. The distinguishing characteristic of heterozygous creeper 
embryos is th e markedly shortened metatarsi. Homozygous creeper 
10 
embryos characteristically die on the third or fourth da)'. of incu-
bation but some embryos live up to near the end of the incubation 
period. They resemble extreme chondrodystrophic embryos, but the 
head changes are less pronounced. The eyelids are absent or greatly 
reduced in size. In the homozygous creeper embryo size is retarded ; 
and all extremities are greatly shortened, the legs appear as little 
more than feet attached to the body, but the long bones are repre-
sented in vestigial condition. 
Sticky. The embryo is immersed in a sticky, viscous liquid; 
shows retarded size; a general edema is typical; and the bones are 
very soft and rubbery. 
Microphthalmia. The failure of one or both eyes to develop nor-
mally is designated as microphthalmia. The condition varies from 
a scarcely noticeable decrease in the size of t he eye to an apparent 
absence of the eye. Hutt and Greenwood (1929a) consider anophthal-
mia as merely an advanced degree of microphthalmia. 
Ectopla or eversion of viscera. Such embryos are characterized 
by failure of the body cavity to close which leaves the viscera exposed. 
The condition occurs in varying degrees. 
Hemorrhage. The incidence of hemorrhage was sub-divided ac-
cording to the location of the rupture, into the following classes: 
general internal hemorrhage in which the point of rupture is not 
detected; external hemorrhage at pipping time; and hemorrhage at 
heart, liver, kidneys or brain. 
Edema. Classed as general; enlarged Musculus Complexus; and 
edema around head and throat. Infi ltration with liquid of parts af-
fected is the distinguishing characteri stic. 
Constricted Membranes. Such embryos were characterized by a 
constriction of the extra-embryonic membranes in such a manner as 
to interfere with normal developm nt. Various parts of the body 
wer affected in different embryos. 
Reta rded Size. Embryos were observed that showed develop-
mental characteristics of a given age but in size or body were distinctly 
smaller as compared to normal embryos of like development. For ex-
ample, an embryo might show normal development of a 16 day embryo 
in all respects except size, but in body size was comparable to a 13 
day embryo. 
Delayed Hatch. This term was used to designate embryos that 
were slow to hatch as compared to others of the same setting. For 
example, embryos were found that were still alive in the shell on the 
24th day of incubation that had not developed past the normal 20th 
day stage. Such an embryo would be classifi ed as "delayed" four 
.<Jays. 
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Yolk Excluded. This term designated those individuals in which 
the body cavity was practically closed with the yolk remaining' out-
side the body. 
Pr ogn ath la. Upper and lower beak of uneven lengtb. 
Hype rencepha ly. Complete absence of upper beak, absence ot 
roof of the cranium and absence of both eyes. 
Exencepha ly. Brain exposed. 
Otocep haly. Used in this study to designate extreme otocephaly 
or complete absence of the head. 
Duplicity. The one case of duplicity recorded was a case ot 
practically complete twinning. The embryos are joined firmly in th"' 
abdominal r egion. 
An Example of complete twinning was also found in which tho 
twins were entirely separate. 
Malpositions. The normal hatching position is described by Hutt 
(1929) as follows: "the head is toward the larger end of the egg. The 
neck is so bent as to bring the bead to the right side of the body and 
backwards with the beak under the right wing and just external to 
femorotibial joint. As a consequence of this position the tip of the 
beak r ests near the shell at a point just where the inner shell mem-
brane separates from the outer to form the air-cell. The feet are 
folded on the ventral side of the body almost exactly the same as in 
a trussed fowl, except that the toes reach to the head." 
Several major malpositions occur commonly. They were classi-
fied as fol lows for this study: 
Malposition 1. Head between thighs. Sanctuary (1925). 
Malposition 2. Head in the small end of egg. Reaumur (1751). 
Malposit!on 3. Head to the left. Sanctuary (1925). 
Malposition 4. Embryo rotated in the shell. Hutt (1929). 
Malposition 5. Head not under the wing. Hutt and Cavers 
(1931) . 
Malposition 6. Head to the left and not under wing. Positions 
3 and 5 combined. 
Malposition 7. Embryo rotated and head not under wing. Posi-
tions 4 and 5 combined. 
Malposition 8. Head between thighs and in small end of egg. 
Positions 1 and 2 combined. 
Malposition 9. Feet over bead. Smith (1931). 
Dwarfism. This abnormality is in some cases noticeable in the 
older embryos or at hatching time but in others cannot be detected 
until the chicks are three to five weeks of age. Distinguishing char-
acteristics are; shortness of legs, particularly the metatarsi ; outer 
toes turn more or less outward and backward; body carriage is ab-
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normal, the fore part of the body being carried lower than is normal; 
the head is shorter and broader, wi h a "parrot" beak; the eyes pro-
trude and the skin around the head is wrinkled and thi ckened. 
Routine Examination of the Embryos 
The first year, the eggs were candled every other day from the 
4th to the 18th day of incubation, and examinations made on the day 
of candli ng. 'Ibe dead-in-shell were examined on the day that the 
chicks were pedigreed. For the examinations made at Louis iana State 
University the eggs were candled on the 8th or 9th day of incubation 
and again on the 17th or 18th day of incubation, and the dead embryos 
examined the same day as candled. The dead-in-shells and the em-
bryos still alive were examined on the 22nd day of incubation, or later. 
Prior to examination the eggs were separated by hens and ar-
ranged in order by pens. Record for each unhatched egg was made 
as to dam number, pen number, date eggs were set, date examination 
was made, age of embryo a t death, sex of embryo and "notes." The 
description of all abnormalities observed was recorded under notes. 
The age of the embryo at death was judged by the relative develop-
ment of the embryo and of the extra-embryonic membranes. 
The process o! examination was started by opening the egg rather 
carefu lly with forceps and a pair of small scissors. Th e shell was 
removed from the large end of the egg and the shell membranes 
carefully removed. The position in the shell of the more advanced 
embryos was recorded. The embryos were removed from the ohell 
and apparent external abnormalities noted. Th ey were di ssected to 
observe intern al abnormalities if present and to determine sex. To 
make the internal examination the embryo was held with the back 
uppermost and was cut completely across the back to a point about 
one-third th di1:1tance down each side. The Incision was made in 
the midd le region of the lungs, thus being somewhat anterior to the 
gonads. Incisions were then made parallel to the dorsal line of the 
body and ext nding caud ally to the region of, but ventral to the hip 
joints. The anterior end of the ex ised portion of the back was then 
grasped with blunt forceps, gently rai sed and turned posteriorly ex-
posing the gonads and kidneys. After the sex was determined, the 
vise ra were examined and gross abno1·malities, if any, noted . Brittle-
ness of the bones was gauged by breaking the matatarus or the tibia 
of the right leg of the older embryos. 
Special consideration has been given to the age of the ~mbryos 
at death, distribution of the sexes and to descriptions of all types of 
abnormal embryos encountered; as influenced by time of hatch, by 
breed, by character of mating, by sire and by dam. 
Matings were made in attempts to determine the possible in-
heritance of certain embryonic abnormalities, particularly chondro-
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dystrophy, sex ratio and mal-positions. In determining the mode of 
inheritance of dwarfism and the inter-relationships of dwarfism, 
creeper and stickiness characters, matings were made to produce 
F1, F o, and backcross generations. 
The eggs were incubated in cabinet-type, forced draft incubators 
under controlled conditions. Settings were made at Louisiana State 
University at all seasons of the year although most of the eggs were 
set during the spring, or normal hatching season. All eggs at Iowa 
State College were set between January 9 and May 6, with a large 
percentage set during the middle of the season. 
All Louisiana breeding birds were allowed outside runs through-
out tbe year with some green feed crop always available. The Iowa 
breeders were confined from January until April but were supplied 
with cod liver oil in the ration during the breeding season. 
RESULTS 
MORTALITY CURVES 
Tables 1 and 2, figures I, II and III present complete embryo 
mortality for 9,110 fertile eggs and also give the mortality of the 
third week of incubation for 7,352 additional fertile eggs. 
Character of Mating. Table 1 and figures I and II present the 
mortality distribution for groups separated according to the character 
of the matings. The types of matings used consisted of regular 
matings, i.e., those other than the various special matings given below; 
mildly inbred matings; matings in which only the sire was a carrier 
of dwarfism; matings in which both parents carried dwarfism; mat-
ings in which both sire and dam carried dwarfism and sire also carried 
stickiness; matings in which both parents carried stickiness; closely 
inbred S. C. W. Leghorns (was also malposition stock); matings in 
which both parents were creepers; matings Jn which both parents 
carried Kiwi or silky plumage; and matings in which the sire carried 
the a lbino character, Warren (1933a). 
Although the mortality curves are similar for all except one of 
the various kinds of matings, some notable differences are evident. 
Mortality for the regular, the mildly inbred, the sire dwarf carrier 
and the kiwi matings is quite similar throughout and hatchability 
was appreciably higher for these groups than for others. Mortality 
for the first to the fourth day of incubation inclusive was appreciably 
higher for the stickiness, the albino and the creeper matings. Ex· 
ceptlonally high 18th day mortality is noted for the stickiness and the 
both parents dwarfism carrier sire also stickiness carrier matings, 
with dwarf matings intermediate between these and the higher hatch-
ing groups mentioned previously. The exceptionally high 18th day 
mortallty is due to the lethal action of the stickiness gene at 
Character Total No. Total 
of dead fertile 
mating' embryos eggs set 
l 
) l 0 1458 5521 .72 l 211 983 .41 
2 I 2367 7352 I· ···· ·· 
3 132 481 
I 
1.25 
4 289 794 .50 
6 39 62 1.61 
9 55 84 0.00 
10 45 222 0.00 
11 94 180 o.oo 
15 I 11 5 225 0.00 
I 2 l 3 
I 1.56 2.72 .71 1.42 
TABLE 1 
Daily Embryo Mortality 
By Character of Mating 
P ercent dead of fertile egg 
Days of incubation 
l 4 I 5 I 6 I 7 I 8 I 
l ( I 
I 
1.2& 1.10 .71 .62 I 
.71 





I . 2:~~ . · 1 · ~:~~ .. ...... . ······· . . ..... ...
.... ··· · ··· ....... 
1.87 .83 2.08 .83 .42 .42 
2.90 3.90 1.89 1.13 .38 1.26 .50 .38 
3.22 9.68 3.22 0.00 0.00 0.00 1.61 0.00 
0.00 S.57 2.38 0.00 1.19 0.00 1.1 9 2.38 
1.35 o.oo .90 .90 .45 .90 1.35 .90 
1.11 5.00 I 1.11 .56 0.00 1.11 .56 2.22 
.89 I 2 . ~7 I 1.33 .44 .44 .44 .44 .89 I 
I 10 I 11 I 12 I 13 I 14 
I I I 
l 
.62 .67 .58 .25 .31 
.31 .81 .51 .20 .10 
······· .10 .11 .14 .22 
.21 0.00 .21 0.90 0.00 
.38 0.00 .25 .13 .13 
1.61 1.61 o.oo 0.00 o.oo 
1.19 2.38 2.38 1.19 0.00 
0.00 0.00 .45 0.00 0.00 
1.67 2.78 4.44 0.00 .56 
.44 .44 .44 .44 .44 
'1 
Character Total No. Total 
of d ad fertile 
mating1 embryos eggs set 
I 15 
I 
0 1458 5521 .72 
l 211 983 .41 
2 2367 7352 .36 
3 132 4 I .21 
4 289 794 .13 
6 39 62 1.61 
9 55 84 0.00 
10 46 222 .45 
11 94 180 2.22 
16 11 6 225 2.22 
1 Legend for haractcr of Mating. 
O. R egular. 
1. Mildly inbred. 
2. H ighly inbred. 
3. Sire dwarf carrier. 
TABLE 1 (Cont in ued) 
Daily Embryo Mortality 
By Charact er of Mating 
Percent dead of f ertile eggs 
Days of incubatio n 
I I I I 16 17 18 19 20 I 
.49 1.27 3.44 3.30 2.57 
.81 .61 4.88 4.37 1.32 
.26 .91 2. 17 4.08 6.18 
.21 1.04 6.61 2.29 1.16 
.26 1.39 8.69 6.68 3.78 
o.oo 1.61 24.19 6.45 8.84 
3.57 7.14 11.90 8.33 11.90 
0.00 0.00 .90 4.96 4.05 
.66 1.67 ) 8.sa 8.89 4.44 
2.67 6.67 12.89 8.89 fi.33 
4. Both sire and dam dwarf carriers. 
6. Both sire and dam sticky carriers. 
9. Both parents creep er s. 
















\ \ \ \ I 
Alive I Ageat 22 23 24 25 death at 2l ;; t 
unknown day 
I 
I .60 .24 .13 o.oo .24 1.68 .61 .51 .61 o.oo 0.00 .31 
··· · ··· ······· ······· ······· 10.60 ........ . 
0.00 .42 .21 o.oo .83 o.oo 
.13 .25 .26 o.oo 0.00 o.oo 
0.00 1.61 o.oo o.oo 0.00 0.00 
0.00 1.19 1.19 0.00 0.00 0.00 
0.00 .90 .90 o.oo 0.00 0.00 
0.00 1.11 2.22 .56 0.00 o.oo 
0.00 .44 .44 I o.oo 0.00 0.00 
11. Albino Wyandotte. 
15. Sire sticky carrier; both parents dwarf carriers. 
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that time. The creeper matings showed a somewhat greater mortality 
for the 8th to 13th days and very high mortality on the 18th, 19th, an cl 
20th days. The peak of mortality at the middle of the incubation 
period is believed to be due to environmental conditions, while the 
late peak is du e to the death or homozygous creeper embryos. 
The albino matings (White Wyandotte breed) suffered higl1 
mortali ty on the 18th and 19th days and show a minor peak of mor-
tality on the 11th and 12th days such as that noted for the White 
Wyandottes in Figure Ill. The closely inbred matings which are also 
high malposition stock gave a different type of mortality curve for 
the latter part of the Incubation period. In thi s case the mortality 
increased consistently from the 16th day through the 21st day du e 
chi efly to the lethal action of the malpositions. 
Considerable variation is noted in the pe rcentage of the total dead 
embryos that died on or after the 21st day, for th e different types 
of matings. Mortality for this period varied from 2.27 per cent for 
sire dwarfism carrier matings to 24.12 percent in the case of the 
closely inbred stock. The high incidence of late mortality in the in-
bred matings is here again attributed to malpositions. The major 
peak of late mortallty occurred variously on the 18th, 19th, 20th or 
21st day of incubation dependent upon the character of the mating 
under consideration. Thus the stock used accounts in part for minor 
differences reported by different workers. 
Breed 
Figure III presents the distribution of embryo mortality by breeds. 
Few differences of any consequence are noted in distribution of 
mortality. The single comb White Leghorns and R. I. Reds yielded 
remarkably s imilar mortality curves. The peak of mortality occurred 
on the 20th day for the White Wyandotte and miscellaneous breeds 
whereas It occurred on the 18th day for the other groups. The R. I. 
Red X Leghorn and R. I. Red X Sticky crossbred matings (which 
Include the matings producing dwarfs) show appreciably higher mor-
tality for the 18th day. 
Date Eggs Were Set 
Tab le 2 presents the distribution of embryo mortality according 
to the date upon which th eggs were set. The upper part of the 
tab! gives the results obtained at Iowa (1931), Louis iana (1931, 1932 
and 1933). The lower pa t presents data for Iowa (1933). The date 
the eggs were set was not availa ble for th e Iowa (1932) group. 
Examination of the data in table 2 reveals that no consistent 
seasonal difference in di stribution of mortality was obtained in either 
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Tota l Number Dead, Pe rcent Dead by Four Da y Pe riods a nd Pe rcent of 
Dead Embryos Pipped 
•rota\ Days of incubation P ercent Date eggs number of totsl were set 
I I I I I dead dead 1-4 5-8 9-12 13-16 17-20 21st and p ipped after / 
Four groups combined 
"" 
January 1-17 ········· 65 16.92 9.23 10.77 1.54 52.81 9.23 21.64 
January 18-30 ........ 165 12.12 11.52 2.42 3.64 59.39 10.91 15.76 
F ebruary 1-16 .. ... ... 847 19.88 8.98 6.68 8.46 46.ll 14.99 12.68 
February 18-27 ... .... 254 24.80 10.24 7.48 10.68 38.19 8.66 4.72 
March 1-18 ······· ·· ·· 278 23.91 10.51 11.28 5.80 44 .20 4.35 8.27 
March 18-30 .......... 254 17.32 8.66 9.84 6.69 48.82 8.66 8.66 
April 1-14 .. ... ....... 228 17.26 8.41 11.06 4.12 51.77 7.08 10.65 
April 15-29 .. ......... 268 24.07 13.33 5. 19 4.07 48.89 4.44 8.21 
May ···· ·· ········· ·· 230 34.20 14 .72 4.88 4.76 36.36 5.63 5.65 
Sept.-Oct. ············ 202 16.16 10.61 14.14 11.62 48.94 3. 54 8.91 
Nov.-Dcc. ............ 1 ~7 29.95 8.63 8.12 5.08 41.62 6.60 8.69 
No. for total 
examination ... .. ... 2488 547 260 202 144 1142 193 285 
P ercent for total 




January 9, 16 ... ..... 87 . .. .. ... . . .. ... . 2.30 59.77 28.73 24.14 
January 23, so ...... . 197 .. .. .. .. ........ . ..... .. 1. 52 48.22 26.90 25.88 
F ebruary 6, 13 .... .... 128 ··· ····· ···· ···· ·· ···· ·· 1.56 49.22 21.87 28.12 February 20 , 27 ······ 111 ........ ........ ·· ··· ··· 7.21 49.55 25.22 23.42 March 6, 13 .. ....... . 317 . .. .... . ········ ········ 15.77 35.65 35.SS 22.08 March 20, 27 ......... 856 ........ ...... .. . ....... 2.58 d4.94 32.58 27 .81 
April 3, 10 ........... 843 . ..... .. .. .. .... ........ 1.46 49.27 30.61 28.28 
I No. for total examination ....... 1539 ········ ........ ..... ... 34 707 476 399 
P ercent for total 
······ ···I ·· ·· ···· c.xamination ...... . .. . . ... . . ....... 2.2 1 45.94 30.93 26.98 A 
I 
. 
. _ ... 
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Ontario, Canada, a striking difference in seasonal distribution of mor-
tality. This lack of agreement may be due to differences in geo-
graphical location and attendant environmental conditions. 
The percentage of the total number of dead embryos that pipped 
for the upper group in table 2 was somewhat higher during January 
and February than for other months but no consistent seasonal trend 
was present. For the Iowa (1933) data little difference existed for 
I.be differ en t dates that the eggs were set. 
CLASSIFICATION AND INCIDENCE OF ABNORMAL EMBRYOS 
A rather detailed classification is given in table 3 of the anoma-
lous embryos encountered upon examination of all unhatched eggs 
(2,488) from 9,110 fertile eggs set. 
Certain classifications under "malformed legs" occurred only in 
a few matings. The creeper character described by Landauer and 
Dunn (1930) and Landauer (1932), and sticky character described 
by Byerly and Jul! (1930) and (1932) are definitely known to be in 
herited and consequently occurred .. only in special matings. Short 
· thick shanks and lack of brittleness of bones occurred with but few 
exceptions in dwarfi sm matings. Chondrodystrophy was noted in 6.55 
percent of total dead embryos or as 1. 79 percent of all fertile eggs 
set. 
Absence of one or both eyes occurred in 2.21 percent of the dead 
embryos, or .60 percent of fertile eggs. It was not ascertained whether 
the left eye or the right eye was involved more frequently but only 
one eye was affected in 35 instances while both eyes were affected 
in 20 cases. 
Microphthalmia appeared in the left eye in 5 instances, the right 
eye in 3 instances and in both eyes in 17 cases. The total frequency 
of microphthalmia equaled 1 percent of all dead embryos or .27 per-
cent of fertile eggs. 
Eversion of viscera was noted in 2.61 percent, hemorrhage of 
various kinds in 6.67 percent and edema in 3.17 percent of the dead 
embryos examined. Constricted extra-embryonic membranes ac-
counted for 1 percent of the embryos that died. Retarded size of em-
bryos probably was not a direct cause of death but indicated the 
presence of some functional disturbance which prevented normal 
growth of the embryo. Two and twenty-four one hundredths percent 
of the unhatched eggs were classified as delayed hatch. 
Abnormalities of the head exclusive of eye abnormalities fall 
chiefly into two categories, abnormal beaks and abnormal skull de-
velopment or exencephaly. The total so classifi ed is 2.91 percent or 
the dead embryos of which 1.04 percent is exencephaly, 1.28 percent 




Classi fica tion a nd Inc idence of Abnorm a l Embryos Encountered 
Al l dead embryos (2 ,488) examin ed f r om 9,110 ferti le eggs 
Classification of 
abnormali ti es 
Chondrodystrophy . ... . . . .. . ... . .. . ... .. . . . . 
Creepers ... . ... . ..... . ................... . . 
Poorly calcified shanks ..... . ....... . .. , ... . 
Stickys ....... . ......... . ... . ... . . . . . .... . . 
Short thick shanks ........ . . . . .. ..... . . . . . 
L egs incompletely formed .............. . . . . 
Unclassified I g abnormalities ... . ......... . 
Total ma lformed legs . ...... . . . .. . . . .. .. . . . 
Abse nce of one or both eyes .............. . 
Microphthalmia (one or both eyes ) ... . ... . 
Unclassified eye ab norma lities . ............ . 
Total abnormal eyes . ...... .. ...... . . . ...•.. 
E ctopia or eversion of visce.ra ....... . ... . . . 
General internal h emorrhage ....... . .. . . . •. 
General hemorrhage at pippi ng ......•..... 
Hemorrhage at heart .... .. ............... . 
H emorrhage at liver-kidneys . .. . .. . . . ... .. . 
H emorrhage at brai n . . . . ...... . .. . •.. . .... 
Total hemorrhage .... . ...... . ... . .. . ..•.... 
General edema ..... ... .... . .. . .. .. . . . . . ... . 
Enlarged musculus complexus .. ... .... . .. .. . 
E dema arou nd head-th roat .......... . ... . . . . 
Total edema ... .. ...... . .. . ........ . .. . ... . 
Constricted membrane around the body ... .. . . 
Constricted membrane around head-n eck .. . . . 
Constricted m embrane around legs . .... . .. . 
T otal constricted extra-embryon ic memb ra nes 
R etarded size (for relative development ) ... . . 
Delayed hatch- one day ................... . 
Delayed hatch- two days ........... .. .... . . 
Delayed hatch- t hree days . ... . ....... .. .. . . 
Delayed hatch- four days ..... . .. .. ...... . . 
Delayed hatch- number days not specified . . . . 
Tota l delayed hatch .. . ... . ............... . 
Color of yolk bright green .... .... . . ..... . . 
Ruptured yolk sac .... . ....... .. ... • . .. . ... 
Yolk excluded ... .. .. . .. .. . .. ... .... . . . . . .. . 
Total yol k ab normalities .... .. ... . . . . .. . . . . . 
P rognathism ... . .. ............ . ........... . 
Upper mandible absent (hyperenceph a iy) ... . 
Cross beaks ....... . ............ . . . ... .. ... . 
Exencepha ly .. .. ..... . ...... . .. ....... .. . . . 
H ead absent (otocepha'y) .. . ..... . . . .. .. .. . 
Unclassified head abnormalities . . .... . . . . .. . 
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1 Exclusive of eye abnormalities. See this class ification given separately. 
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TABLE 3 (Continued) 
Classificat ion and Incidence of Abnormal Embryos Encountered 
Together with a compa r ison wi th pr evious r esults 
Classification of 
abnorma Ji ties 
T wisted sp ine ..... . .. ........... , ....... , .. 
Incomti let e twinning (dutilicity) ......... .. . 
Unclassifi ed T erata .. . , , , , ........... .. ... , . 
Total miscellaneous , ... .. . . . .. ....... . .. .. . . 
•Embryos too decomposed to permit 
identification . , . ... , , , ......... . ... ... . . 
Malpositions: 
1. H ead between t highs . . .... , ......... . 
2. Head in small end of egg . . ........ . 
3. H ead to left .. .. ................... · · 
4. Embryo rotated in shell .. , . . ........ . 
5. Head not under wi ng .......... • ..... 
6. Positions 3 and 5 combined ....•... . .. 
7. Positions 4 and 5 combined ... . .. .. .. . 
8. Positions 1 and 2 combined . ... .... .. . 
9. Feet over head . . ..... . ............ .. . 
Tot al a ll malpositions .. . .. . .. , .. .. ........ . 
Total a ll ab normalities .. . ... . ........ .. . .. . 


















I As percent I As percent 
of tot ul dead of tota l fer-

















B.-Comparison of incidence of certain monsters and abnormal 
conditions with some prev ious results-As percent of total 
dead embryos 
Clacsi fl cation of 
abnormalities 
Hytierencephnly ...... ..... . · · · · .j 
Microphthnlmia (including 
eyes absent) . . . . . . .. . . . ..... . 
Exencephaly .. , .... . ...... . ..... . 
Prognathi sm .. , ................ . 
Ectotiia (or cversion of viscera) .. 
Otocepha ly , ......... . .... . ..... . 
Legs incomplete ....•.......•... . 
H emorrhage , ........ . .... . ..... . 
Edema .. . .. ....... ........ ·· · · · · 



































1 'l'hese embryos were from chilled eggs but gave quite similar results to 1,308 
check lot eggs. 
2 Includes both hyperencephaly and prognathism. 
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Malpositions constttuted 22.94 percent of all dead embryos or 6.26 
percent of the fertile eggs set. 
The total of 63.79 percent abnor mal embryos of all dead or 17.42 
percent of all fertile eggs set is slighty higher than actually en-
countered because a few embryos showed more than one abnormality. 
This total Is greater than obtained by previous investigators. In 
experiments conducted to ascertain the effects of electric current 
interruption upon embryo mortality Taylor and coworker s (1933) 
obta ined a total of 33.94 percent anomalous embryos Jn their control 
lot. 
Hutt and Greenwood (1929) r eported tliat monsters accounted 
for "at least 3.6 percent of all mortality," Hutt (1930) found 1.07 
percent to 4.63 percent terata and he quotes the work of Miss Alsop 
(1919) in which she identified 6.43 percent abnormally developed 
embryos, and Byerly (1930) who obtained 8.1 percent terata. The 
figures are all below the 10.22 percent abnormally formed embryos 
found in this study. The total (10.22%) includes only embryos with 
incompetely formed legs, abnormal eyes, aversion of viscera, ab-
normalities of the head and miscellaneous terata. It does not include 
chondrodystrophy, malpositlons, edema, etc. 
In part B of table 3 is given a comparison with previous work, 
of the incidence of eight types of monsters encountered in this study. 
Hyperencephaly is the on ly type of mons ter that was found Jess 
frequently in this study (0.48 percent) than in the previous inves tiga-
tions. Its incidence was greater in Hu tt and Greenwood's (1929b) 
Edinburgh work (1.52 percent) , but ln the Minnesota work of Hutt 
this type of monster was much less common (0.13 percent). Microph-
thalmla and ectopia were much more frequently fo und ln the pres-
ent study than in the work of Hutt (1930a) or Taylor and coworkers 
(1933). Hemorrhage and edema were also more common in these 
data than in Taylor's. 
ll:lye and brain defects constituted only 47.85 percent of total 
monsters in this work but comprised 93 percent of all terata in Hutt 
and Greenwood's data and 74 percent In Byerly's (1930) data. 
One hundred and two embryos, or 4.10 percent of th e total number 
examined, were in such a state of decomposition that It was not 
possible to determine whether or not any abnormality existed. 
Incidence of Certain Abnormalities-Character of Mating 
The Incidence of the commonly encountered abnormalities, was 
determined for matings of different character. These data are pre-
sented in table 4. 
honclrodystrophy occurred much more frequently in the albino 
Wyandotte matings (23.40 percent of a ll dead embryos) than in any 
oth er type of mating. Kiwi matings also show high incidence of thls 
condition. The incidence of chondrodystrophy obviously vari ed widely 
for the different types of matings. 
TABLE 4 
Incidence of Certain Abnormal ities-By Character of Mating 
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0 Regular · ··········· · 1458 6521 4.87 3.77 3.22 7.41 4.05 1.10 2.33 .69 1.78 1.85 1.85 63.29 
Mildly Inbred ....... 211 983 9.48 3.32 1.90 4.74 2.37 1.62 1.42 8.53 1.42 .95 72.62 
3 Sire Dwarf Carrier .. 132 481 9.09 5.30 1.62 5.30 1.52 1.73 2.27 2.27 .76 1.52 57.81 
4 Both. Dwar( Carrie1·s. 289 794 4. 16 3.81 1.73 3.81 1.38 l.73 1.04 1.73 1.04 50. 17 
9 Both Cr~per ....... 55 84 5.45 3.64 1.82 5.45 3.64 1.82 3.64 47.27 
10 "'Kiwi" Mating ...... 45 222 15.56 6.67 4.44 2.22 13.33 77.77 
11 Albino Wyandotte .. . 94 180 23.40 1.06 14.89 3.19 2.13 14.89 1.06 85.09 
rn Sire Sticky- Both 
Dwarf Carriers ······ 115 225 6.07 .87 3.48 4.35 3.48 .87 .87 2.61 .87 54.78 
Miscellaneous Matings . .. 89 620 
Average A ll Matings ... .. 2488 9110 3.33 2.61 6.67 3.17 1.00 1. 81 2.24 1. 76 1.28 1.04 I 
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Eye abnormalities were somewhat more frequent in the sire dwarf 
carrier matings but occurred rather uniformly in all types of matings. 
Hemorrhage occurred most frequently in the Albino Wyandotte mat-
ings (14.98 percent of all dead embryos) but was rather evenly dis-
tributed in the other types of matings. Delayed hatch was confined 
chiefly to three types of matings. It accounted for 14.89 percent of 
Abina Wyandotte dead, 13.33 percent of kiwi dead and 8.53 percent 
of the mildly inbred; yet occurred as only 2.42 percent cf a ll dead em· 
bryos. The other abnormalities glven in table 4 do not appear to be 
associated with any certain type of mating. A total of 72.62 percent of 
the mildly inbred, 77.77 percent of the kiwi, and 85.09 percent of tho 
Albino Wyandotte matings were classified as having some abnormal-
ity. For the five other types of matings only about one-half of all dead 
embryos were classified as abnormal. 
Incidence of Abnormalities-Breed 
Distr ibution of the various abnormal embryos encountered is given 
in table 5 by breeds. 
Excluding the miscellaneous group, chondrodystrophy was much 
more common in the White Wyandottes used than in any other breed. 
Malpositlons accounted for 46.19 percent of a ll dead embryos in the 
highly inbred single comb White Leghorns, 35.87 percent of the mis-
cellaneous group, and approximately 25 percent for White Wyandottes, 
Red X Leghorn crossbreds and Red X sticky crossbreds. The regular 
single comb White Leghorn group had 21.76 percent malpositlons and 
the R. I. Reds only 15.11 percent so classified. The more rarely 
occurring abnormalities were practically all found to some extent 
in the different breeds although varying considerably in frequency of 
occurrence. Hemorrhage and edema were more common in the 
White Wyandotte embryos and exencephaly and retarded size were 
more common in the Rhode Island Reds. 
Some types of abnormalities, notably chondrodystrophy, hemor-
rhage, malpositions and delayed hatch varied widely In occurrence 
for matings of different types and for different breeds. Certain mal-
posltions varied from year to year and for the two institutions as did 
the frequency of total malpositions. It was believed and later analysis 
shows that these differences in incidence of abnormalities were not 
accidental. 
Incidence of Abnormali ties-Date Eggs Were Set 
The data In table 6 are arranged to rev a l the Incidence of various 
abnormalities resulting from eggs set at different dates. The total 
number of dead embryos is gi en for each date upon which eggs were 
set. The upper part of the table gives the data for four groups com-
bined, namely : Iowa (1931), Louisiana (1931), Louisiana (1932) , and 
Louisiana (1933). The occurrence of chondrodystrophy in the Iowa 




Incide nce of Certa in Abnorma.lit ies- By Breeds 
P ercent of Total Dead Embryos 
~ 
"' Mal positions .c 
"' 0 
'" .. Breeds .... 0 ., I l 
0 "' ~ 
I 
. J; 'O 
o E 0 : " ... 1 I 
2 3 4 5 9 Total Total 'O 
!l 'O "' I 
No. %• 
0 
0 tl .c 
'-- E-< 'O () I I 
-i ~Cel\aneous Breeds 
llJi~nd C1·ossbreds. ...... 276 11.96 9.78 9.42 7.25 3.62 6.16 .36 99 35.87 
~ •te Leghorn .......•.. 593 5.73 4.22 8.10 .34 6.74 4.72 0.00 129 21.76 
~~· ll.ed .... ............ 841 3.21 2.74 5.11 2.14 2.74 2.62 .12 127 15.11 
~te Wyandotte . ....... 338 12.72 8.88 6.22 S.55 6.51 2.97 0.00 89 26.84 
shred Red and I lo Leghorn .. . .. . . . ..... 289 4.15 4.50 7.96 1.73 4.50 10.04 0.00 81 28.03 
5sbred Red and 
~1 Sticky ... ..... ..... .. 184 7.07 4.34 10.87 3.80 S.80 S.25 0.00 45 24.44 thJy Inbred 
Leirhorns ············· 2429 S.80 S.29 6.42 9.02 2.88 22.19 2.39 1122 46.19 
'--
TABLE 5 (Continued ) 
Incide nce of Certain Abnorm a lit ies- By Breeds 
Pere nt of Tota l D ead Embryos 
'--
., gJ CJ .c "' ~ 
~ " ... !l ~ "' .... 0 ... ell ., ·;;; ~ -;.; &al 
Breeds 
0 ... 0 .. - " " ·.l; -;.; "" 1l .c -;.; -;.; .c 
., ., 
zs " .c E "' 00 E .~ ~ .. 1l E E "' 3 " 3.il 'E ... "' 'O .. ., .. E ... ... .. " '"E .. -;.;.,, 0 ""' 5 c E !l " .>: 0 ""0 " .c 0 "' " "'" " - " "" " ~ .. .a ~ ·~ "" .a " CJ c; ~.g "'.a ~ E" "' '- 0 QI < :rl ril ...: E ii: Q f:!ld ril ril~ ii:: E-< 'O 
~ec] Janeous Breeds 
~~~cl irossbreeds ... . 276 S.26 1.81 5.80 2.17 1.45 1.81 2.54 2. 17 1.45 1.09 4.85 11.96 
eghorn ... . ... 593 3.54 2.70 6.07 2.19 .17 1.01 2.36 1.69 1. 69 .34 2.53 8.69 
~l. ll.ed ............ 841 3.92 S.92 4.16 3.21 .59 8.09 1.66 1.78 1.55 2.26 7.73 9.27 
triltc Wyandotte ..... 838 1.80 .89 13.02 7.40 2.37 .30 2.07 1.18 1.78 .30 2.66 8.55 
88bred Red and 
~lo Leghorn ........... 289 8.46 1.88 8.46 .69 1.78 1.38 1.69 1.73 .69 .69 .69 14.58 
88bred Red and 
Stick 184 .54 2.17 3.80 3.26 0.00 1.09 1.19 2.17 .54 .54 1.63 10.83 II y .. ........... 
Rhiy Inbred 
Leghorns ····· ·· ··· 2429 .... .... ····· .. .. .... . ... .... .... . .. . .... . ... . ... . 
~ 
l\ti • Total percents do not correspond to individual percents added since some malpositions arc counted 
Ce because two positions were shown by the same embryo. 
Date egg5 
were set 
January 1-17 ··· ······ · 
J anuary 18-30 . . .. ..... 
February l-16 . ...... . . 
February 18-27 ··· ····· March 1-13 . .. ......... 
March 18-30 ···· · ······ 
April 1-14 · ······ · ···· · 
April 15-29 ....... ..... 
May (Including one 
June hatcb) ··· ···· · 
Sept.-Oct. ········· · ··· · 
Nov.-Dee. .............. 
Total number examined . . 
January 9, 16 . . . . .... . 
January 23. 30 ..... . . . 
F ebruary 6, 13 . ...... . 
F ebruary 20, 27 ...... . 
March 6, 13 . ...... ... . 
March 20, 27 ... . ... . . . 
April 3, 10 .... .... . . . 
Number for total 
e."famination . ... .. .. . 
P ercent for total 
examination . .. . . ... . 
Jd 
"' .fl .. 
>. . ., 
0 .a 
























Incidence of Various Abnormalities-By Date Eggs Were Set 
Percent of Total Dead Embryos 
.. 
·9 .. .c .,,a; - "' .. " ~ "" "' ·;; ... ".c 0 .. _.,, 0 .. c .c .. :<: " .c a"' 'O c .? ce t .. "O .c "' ., "' .. ...... "O .. ed.~ "0 ..... 0 o.O ... E >. ~;4;: ..... ... "' e "e s " $ .~ gj "'" "' o ca >  .. 'O ~ 8 "' Qi <E~ w·;: :i:: w ii:: A >< e 
Four groups combined' 
0.00 1.54 14.04 
I 
l. &4 0.00 0.00 0.00 0.00 
.61 6.67 6.45 3.03 0.00 .61 3.64 2.42 
1.15 2.88 5.79 2.88 .29 3.76 7.20 1.15 
1.97 1.18 10.92 7.48 1.97 2.36 1.18 .39 
2.52 2.52 9.02 2.88 4.68 1.44 1.44 2.52 
3.54 1.18 4.96 3.15 1.97 .79 2.76 4.33 
3.51 2.19 8.06 3.07 1.75 1.32 .44 0.00 
4.48 1.87 7.20 1.12 .75 1.49 1.49 1.49 
7.39 2.68 2.68 .87 .87 2.17 .87 1.30 
5.45 5.94 4.12 3.47 .50 1.98 0.00 1.98 
5.08 1.03 4.23 5.58 .51 3.05 1.02 3.05 
84 .66 154 79 34 48 55 44 
Iowa 1933 
.. . ..... ······· ·\ -·· ···· · 
. . ..... ·\ . . .. . . . . \ ...... . . 
>. 
t ... .c c 
"' .c "' a:.~ .. " ,.!t ~ c 
O!Cij .. 
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Chondrodystrophy bas been previously reported to vary according 
to the time of the year that the eggs are incubated. This tendenc
y 
ls not present in the data of this study. Using the method of Sued
e· 
cor and Irwin (1933) , a test for homogeneity was made of the occu
r-
rence of chondrodystrophy for the four combined groups. This te
st 
gave a chi-square of 22.909 or P of between 0.02 and 0.01, indicatin
g 
tha t the sub-samples are probably not uniform in regard to the occu
r-
r ence of this condition. Nevertheless no sensible seasonal tren
d 
is present. The same holds true of the Iowa (1933) data. 
Hutt and Greenwood (1929) and Munro (1932) report that the 
incidence of chondrodystrophy decreased as the season advanc
ed 
but Byerly, Titus and E llis (1933a) hold tha t seasonal distributio
n 
"might be accounted for in other ways." The latter workers co
n-
cluded that some nutritional deficiency other than vitamin D is t
he 
und·erlying cause of this condi tion. Their hypothesis is based upo
n 
the increase in incidence of cbondrodystrophy for birds on diets co
n-
taining proteins from vegetable sources. However these same worke
rs 
have shown t hat only certain hens were affected and that distributio
n 
of chondrodystrophy cannot be attributed to chance. 
Abnormalities of the eyes, on the other hand, r evealed a marked 
sea sonal trend, becoming more frequ ent as the season advanc
ed 
(Figure IV). Correlation of the date eggs were set and incidence 
of 
eye abnormalities gave a coefficient of r = + .927; with .708 required 
for a high degree of significance. This is especially true for the s
et-
tings from January th rough May. Why this type of terata show
ed 
such a seasonal difference when other classes of anomalies did n
ot 
vary wlth the season, is not known. Further data are needed 
to 
verify this t endency. The incidence of hemorrhage decreased as t
he 
year advanced but the trend is not so pronounced. A coefficient 
of 
r = - .690 was found when date eggs were set and incidence of 
hemorrhage were correlated. A coefficient of .708 is required for
 a 
high degree of significance although r = .576 or larger gives reason-
able assurance of association in this case. It may be stated then th
at 
hemorrhage occurred less often as the spring s·eason advanced b
ut 
the association was not close and is of questionable significa}lce. 
The percentage of abnormal membranes increased during January 
and February, was the highest in March 1 to 13 settings then d
e-
creased consistently toward the end of the year. However, the num
-
ber of this class of abnormalities was not great at any time. Delay
ed 
hatch embryos were encountered much more frequently in eggs s
et 
during the latter part of January and the first of February, wh
ile 
excencephaly was most common in the September-October setting
s. 
None of these abnormal types showed any consistent seasonal tre
nd 
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POSSIBLE INCIDENCE OF CERTAIN ABNORMALITIES 
The incidence of abnormalities encountered for the groups in 
which all dead embryos were examined was determined by sires. 
Upon examination of the data some striking differences were noted 
for the different sires. This suggested that some of the conditions 
observed might be inherited. 
Periodic Mortality, and Certain of the More Commonly 
Noted Abnormalities 
The first condition to be considered (table 7) is the distribution 
of mortality at certain periods for the different sires. The particular 
periods considered are mortality on first to fifth days of incubation, 
on 17th to 21st days of incubation and mortality on 22nd day and 
thereafter. It may be noted that this last classification corresponds to 
delayed hatch mentioned in earlier sections. The percentages of 
fertile eggs set that were classified as abnormal eyes, eversion of 
viscera, edema, hemorrhage and dead embryos pipped, are also given 
in table 7. The incidence of hemorrhage and percent of dead embryos 
pipped is given by sires in table 8 for· the males used in the Iowa 
(1932) and Iowa (1933) matings. 
Eight sires were used for two seasons, making it possible to test 
the influence of these males for different years. These sires were not 
mated to the same hens for the two years in many cases but import-
ant influences of the sire upon embryo mor tality might be in 
evidence. In five of the eight cases the mortality of embryos of the 
same sire during the first five days of incubation was in close agree-
ment for the two years. However, in three instances, this early embry-
onic mortality increased noticeably the second yea~. In all cases except 
two (sire 1727 and sire 2125) the 17-21 day mortality was greater for 
the second year mated. Little consistency is noted in the mortality ror 
the 22nd day and thereafter for the same sire in different years. Sire 
2770 produced the largest percent of dead embryos classified as de-
layed hatch (3.23 percent). The two sires with greatest mortality for 
the 17-21 day period are 4016 with 34.01 percent dead and 3719 with 
27.61 percent dead. Sire 4016 was a carrier of the lethal gene, sticki-
ness, and 3719 was a creeper male. Four of the seven other males with 
19.23 percent or more dead embryos in the 17-21 day period, sired 
dwarfism matings, two sired inbred matings and one sired the Albino 
Wyandotte mating. More specific analysis is made of the mortality 
in these matings in a later section. 
The incidence of abnormal eyes was greatest in the progenies or 
sire 99 Jn 1932, and sire 8118 in 1932, however it was not consistent 
for the same sire in different years. While the distribution did not 
occur at random no simple relations were found. The same is true of 
l'"'D'-C:. I 
Peri odic Mortal ity and Certain of the More Commonly Noted Abnormal ities 
By Sires 
Percent of fertile egirs set Year and Band Number Days of incubation 
I I 
I Hernor- I Piooed institution numbers fertile 
117-21 days I Abnormal Eversion I rhage• oer- P ercent of I Percent used of sires eggs set 1-5 days 22 and' of viscera Edema cent of f er- total dead of f ertile after eyes 
tile eggr1 set P.m bryos e!l,'gs set 
Iowa 1931 ....... .. 1727 805 6.25 16.39 .66 .98 .33 3.93 7.21 0.00 0.00 Louis iana 1932 .... 1727 110 13.64 15.45 0.00 o.oo .91 o.oo 0.00 0.00 0.00 Louis iana 1933 .. . . 1727 21 . ...... .. . .. ........ . . .... .. . . . . .. . .. . . . ... . ...... . ·· ·· · · · ··· · · ·· ·· · ····· . .. ... ..... ········· Iowa 1931 ·· ··· · ·· · 2505 117 11.11 14.53 0.00 .85 
I 
.85 2.56 5.98 o.oo 0.00 Iowa 1931 ..... . ... 512( 156 4.49 11.64 .64 1.92 0.00 o.oo 6.41 2.22 .64 Louisiana 1931 . .. . 99 121 10.74 6.61 0.00 4.13 - ~3 2.48 o.oo 2.78 .83 Louis iana 1932 .... 99 220 14.09 10.46 2.27 .91 1.36 o.oo .91 13.00 4.09 Louisiana 1931 ... . 100 164 8.54 11.59 .61 f! .44 3.05 1.22 .61 6.12 1.83 Louisiana 1932 ... . 100 320 7.81 19.67 2.19 .94 1.25 1.25 1.25 14.16 4.69 Louisiana 1932 ... . 6 160 12.50 10.00 .63 .62 .63 o.oo .63 12.50 3.75 Louis iana 1932 .... 456 277 6.86 6.78 1.08 .36 0.00 .36 .36 2.38 .36 Louisiana 1933 .... 456 182 13.19 19.23 1.10 0.00 .55 .55 1.10 17.65 6.69 Louisiana 1932 .... 2125 360 6.67 8.06 1.67 .28 .56 .28 1.11 10.29 1.94 Louisiana 1933 .... 2125 102 13.73 .98 0.00 o.oo 0.00 o.oo 1.96 0.00 0.00 Louisiana 1932 . . .. 2770 270 5.93 4.81 .74 1.11 .37 .37 .37 5.26 .74 Louisiana 1933 . . .. 2770 186 2.69 12.90 3.23 o.oo 0.00 o.oo .64 14.29 2.69 Louisiana 1933 .... 97 165 9.03 23.23 .65 1.29 .65 1.29 1.94 7.25 3.23 Louisiana 1933 ""/ 155 186 8.06 23.66 3.76 .54 0.00 1.61 7.53 11.70 5.91 Louisiana 1933 .... 3261 586 8.87 22.87 .61 2.22 .34 .17 2.22 12.67 4.78 Louisiana 1933 .... 3719 134 4.48 27.61 1.49 1.49 .75 o.oo 2.24 18.97 8.21 Louisiana 1933 .. .. 3930 270 4.81 7.41 2.96 .37 .74 .74 .74 16.33 2.96 Louisiana 1933 .... 4016 344 7.85 34.01 1.16 .29 1.16 1.74 2.03 11.30 5.81 
Louisiana 1933 .... 4144 
I 
113 7.96 7.08 0.00 0.00 0.00 o.oo .88 15.79 2.65 Louisiana 1933 .. .. 4597 241 0.00 14.94 .41 0.00 .41 .41 .41 11.90 2.07 Louisiana 1933 . . . . 4705 144 2.78 9.72 0.00 0.00 .69 .69 .69 10.53 1.39 
Louisiana 1933 .... 4740 I 150 2.00 21.33 0.00 .67 o.oo 0.00 3.33 9.76 2.67 Louisiana 1933 . ... 4790 I 184 2.72 13.59 1.63 0.00 I 1.63 .54 1.09 13.95 3.26 Louisiana 1932 . ... 4974 I 76 9.21 1.32 1.32 1.32 1.32 0.00 1.32 o.oo 0.00 
Louisiana 1933 . . . . 4974 I 118 7.63 3.39 0.00 3.39 o.oo 0.00 .85 o.oo 0.00 Louisiana 1932 .... 8118 64 10.94 7.81 o.oo 6.25 1.56 0.00 1.56 7.14 1.56 
Louisiana 1933 .... 8118 I 218 13.76 23.39 1.38 .46 1.38 .92 1.83 10.00 4.59 
Test of l x• 
l I I 
49.16 71.35 33.22 72.59 Homogeneity J p I I Between Less Between Less l .02-.01 than .01 .30 & .20 than .Ol 
• Thia 'P"riod eorraponda to "Dela-,ed Bat.eh." 
• .. • dttw Wiit. y\eWa .. ~ .. ~-... ..... ~ -- tM-. .. 01... 
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TABLE 8 
Incidence of Hemorrhage and Percent of Dead Embryos 
By Sires 
(Of Iowa 1932 a nd I owa 1933 Groups) 
' ~ 
Inst it ution and 
Band Number Total H emor-
numbers fe rtil e number Breed' rhage" per-
year used of egg3 dead 
cent of fer-
sires set embryos tile eggs set 
1 ..... 
Iowa 1932 ..... ..... 438 274 26 I. Wh.L. 0.73 
10wa 1982 1467 815 143 
.. 1. 59 
lciwa 1932 
·········· .. . . .. .... 1518 293 70 .. 4.44 
I ~Wa 1932 .... ...... 2533 435 225 .. 9.89 
Wa 1932 8119 879 68 
.. 2.87 
lo\\la 1932 
.. ...... .. 
8191 459 80 " 2.61 
Iowa 1982 
.. .... .. .. 
8214 285 93 " 1. 70 
Iowa 1932 
... ....... 
4962 343 127 
.. 4.08 
10\\la 1938 
..... .... . 
105 536 154 
.. ... ... ... .. 
lci\\la 1983 
···· ··· ··· .......... 111 255 60 ? ······· ·· ·· 
10wa 1933 .. .. ...... 112 451 170 I. Wb.L. ···· ······ · 
Iowa 1988 126 400 220 
.. ···· ······· 
lo\\la 1938 
...... .. .. 
185 440 188 
.. ····· ······ 
Iowa 1938 
.. .. ... ... 
170 740 134 
.. ·· ·· ···· ··· 
10\\la 1083 
... ... .. .. 
204 532 178 
.. ··· ········ 
Iowa. 1933 
.. .. .. .... 
202 548 253 
.. ... ... ..... 
10\\la 1038 
.. ....... . 
.... .. .... 488 ··· ·· ·· ···· ······· ···· ? ····· ··· ··· 1•wa. 1933 ······· ··· 3172 539 178 I. Wh. L. ·· ······· ·· 
l!ea.n ............ .. ···· ······· ······ ····· 
Standard deviation .. ······ ·· ··· ······ ····· 
1 I . Wh. L., Inbred single comb White Leghorn. 
? Unknown breeding. 






























Incidence of Chondrody&trophy, Malposit ions, and Sex 
B y ir s (of Iowa 1931, L ouisiana 1931, Louisiana 1932 and Louisiana 1933 groups) 
Chondro- Ma I positions Se.x Band N umber Total 
dystrophy - S ex ratio Inst itution and numbers fertile number w;th s ig nifi-year used of cggJ d ead Breed' (Percent Totalr ercent of cance of of fertile num- 18.th. day Numbe r I Number I Number s ires set embr yos eggs set) 1 2 3 4 5 b or hving unkn.own males females Chi-square" 
e111bryos . 
! ! ~ I Iowa 1931 ..... . . . 1727 305 102 Wh.W. 3.61 11 3 11 2 34 13.33 26 31 45 40.79 Louis iana 1932 .. . 1727 110 45 Wh.W. 4.55 1 0 4 1 6 7.50 27 7 11 38.89 
Louisiana 1933 ... 1727 21 10 Wh.W. . ....... .. 0 2 0 0 2 4 21.05 0 3 7 30.00 
Iowa 1931 . ... . ... 2505 11 7 40 Wh.W. 3.42 4 2 2 1 1 10 10.75 20 6 14 30.00* 
Iowa 1931 . . ..... . 5124 156 45 Wh.W. 0.00 8 3 4 2 1 18 13.95 13 19 13 58.06 
Louisiana 1931 .. . 99 12lt 36 R. I. R. 1.65 0 1 1 0 0 2 2.22 21 4 11 26.67 
Louisiana 1932 .. . 99 220t 69 R. I. R. 0.00 0 1 3 2 0 6 3.39 44 13 12 52.00 
Louisiana 1931 ... 100 164t I 
49 R. I. R. .61 2 3 1 1 1 8 6.11 22 9 18 33.33* 
Loitlsiana 1932 ... 100 320t 106 R. I. R. .3 1 0 6 5 7 1 19 6.99 39 38 29 56.72 
Louisiana 1932 . . . 6 160t 48 R. I. R. .63 2 3 0 0 0 5 3.91 30 I 9 9 50.00 Louisiana 1932 ... 456 277 42 R. I. R. 0.00 1 3 0 1 1 6 2.42 24 8 10 44.44 
Louisiana 1933 .. . 456 182 68 R. I. R. 2. 20 1 6 0 4 5 16 10.74 31 17 20 45.95 
Louisiana 1932 ... 2125 360 68 Wh.L. .83 2 7 0 2 0 11 3.43 32 18 18 50.00 
Louisiana 1933 ... 2125 102 15 Wh.L. 0.00 0 0 0 0 1 1 1.14 14 0 l · ··· ··· · · ·· · Louis iana 1932 ... 2770 270 38 Wh.L. 0.00 0 3 1 1 l 6 2.43 24 8 6 57.14 
Louis iana 1933 .. . 2770 186 35 Wh.L. .54 2 . 4 1 2 3 12 6.67 5 10 20 33.33* Louisiana 1933 . .. 97 155 69 I. Wh. L. 4.52 3 4 1 6 9 23 18.85 28 23 18 56.10 Louisiana 1933 ... 155 186 94 A.Wh.W. 11.83 5 8 4 1 5 23 16.43 27 38 29 56.72 Louis iana 1933 . .. 3261 586 221 X. B. 2.39 10 20 5 7 29 71 14.37 84 66 71 48.18 Louisiana 1933 .. . 3719 134 58 Cr. 2.24 1 4 2 3 3 13 11.!)3 15 20 23 I 46.51 Louisiana 1933 .... 3930 270 49 R. l. R. 1.11 2 3 0 6 1 12 4.90 18 19 I 12 I 61.29 
Louisiana 1933 . . . ~016 344 177 St. X. B. 3.78 8 20 7 7 6 48 17.71 48 64 65 
I 
49.61 
Louis ian.a 1933 . .. 4144 113 19 Wh.L. .88 1 1 1 1 2 6 5.83 10 4 5 44.44 
Loui~iana 1933 .. . 4597 241 42 Wh.L. o.oo 0 7 3 11 11 32 13.62 1 15 26 36.59* 
Louisiana 1933 ... 4705 144 19 Wh.L. .69 1 4 1 1 1 8 5.88 5 7 7 50.00 
Louisiana 1933 ... 4740 150 41 Wh.L. 1.33 4 6 1 2 5 18 13.04 6 24 11 68.57* 
Louisiana 1933 .. . 4790 184 43 K. X. R. 3.80 5 8 0 1 2 16 9.47 16 13 14 48.15 
Louis iana 1932 . .. 4974 76 12 I. Wn. L. o.oo 0 0 0 0 0 0 0.00 9 1 2 ····· · · ··· ·· 
Louisiana 1933 .. . 4974 118 13 I. Wb· L. o.oo 0 1 0 1 1 3 2.75 9 2 2 · ··· ·· · ····· 
Louisiana 1932 ··· I 8118 64 14 R. I. R. 0.00 0 2 0 1 0 3 
\ 
5.56 7 6 2 ····· · ·· · ·· · 
Louisiana 1933 ···1 8118 I 218 100 R. I.R. 4. 13 I 8 2 4 4 13 31 18.67 41 27 32 45.76 
Means · · ···· · ···· . ..... .. . . . ....... . ..... ... . ········ ··\ 1.835 . . . . .... . . . . . ... . ... ··· · · 8.873 . . . . . . . . . ........ I. ....... 46.64 
·· ··· ···\··· ····· Standard Deviation .... . . . .. . ········· .... .. ... ·· ········1 0.456 . .. . . . . . .... . .. . .. . . . . ... 0.997 ··· · · · ·· · 6.45 
• Breeds : Wh. W .• White Wyandotte; R. I. R., Rhode I sland R ed; Wh. L ., Single comb White L eghorn; I. Wh. L. , Inbr ed single comb White Leghorn; 
A. Wh. W ., Albino White Wyandotte ; X . B .. Crossbred; Cr., Creeper; St. X. B .. Sticky carrie r crossbred; K. X. B . • Kiwi crossb red. 
• • - P of between .05 and .01. t Al)1>roximate figur es only. 
TABLE 10 
Incidence of Chondrodystrophy, Malposi tions, and Sex 
By Sires (of Iowa 1932 and Iowa 1933 groups) 
Institution Band Number Total 
and year number fertile number Breed' 
used of eggs dead sires et embryos 
Iowa 1932 . . 438 274 26 I . Wh.L. 
Iowa 1932 .. 1467 315 143 I. Wb. L. 
Iowa 1932 .. 1518 293 70 I. Wb.L. 
Iowa 1932 .. 2533 435 225 I . Wb. L. 
Iowa 1932 .. 3119 379 68 I. Wh.L. 
Iowa 1932 .. 3191 459 80 I. Wh. L. 
Iowa 1932 .. 3214 235 93 I. Wh. L. 
Iowa 1932 .. 4962 343 127 I. Wh. L. 
Iowa 1933 .. 105 536 154 I. Wh. L. 
Iowa 1933 .. 111 255 60 ? 
Iowa 1933 .. 112 451 170 I. Wh. L. 
Iowa 1933 .. 126 400 220 I.Wh.L. 
Iowa 1933 .. 135 I 440 188 I. Wh. L. 
Iowa 1933 . . 170 I 740 134 I. Wh. L. 
Iowa 1933 .. 204 532 178 I. Wh. L. 
Iowa 1933 . . 202 548 253 I. Wb. L. 
Iowa 1933 .. 488 ........ . .... . .. .. ? 
Iowa 193:1 .. 3172 539 178 I. Wh. L . 
Means .... . . .. .... .. ....... . . · ········ 
Standard 
deviations .. .... .... ········· .. ....... 
1 I. Wh. L. Inbred single comb White L eghorn. 




Chondro- Mal pos itions 
dystrophy 
( P ercent I Total I P ercent of of fertile 9 num- 18th. day eggs set) 1 2 3 4 5 ber hvmg 
embr yos 
1 
0.00 1 3 3 1 1 0 9 8.52 
.52 4 7 1 1 21 0 34 14.66 
.34 5 5 10 2 10 0 32 12.36 
3.68 5 6 24 10 39 0 84 23.86 
0.00 6 9 1 9 15 0 40 11.36 
.65 4 1 4 2 7 0 18 4.35 
5.96 4 5 10 3 5 0 27 15.52 
3.21 3 4 16 4 16 0 43 16.29 
.19 10 16 12 3 44 0 85 17.75 
0.00 1 4 5 3 12 0 25 10.46 
1.55 3 10 13 3 36 10 75 19.53 
1.00 7 18 19 2 62 17 125 39.06 
2.27 13 13 14 9 50 5 104 26.60 
.14 1 16 12 3 50 0 82 11.48 
.94 7 16 25 4 37 2 91 19.32 
.36 3 10 18 4 77 22 134 27.40 
... . ... . ... 2 5 10 0 10 0 27 · ····· ····· 
.37 1 8 22 7 47 2 87 17.54 
I 
1.234 ... . .... .... .... .... .... ..... 17.121 
.414 . ... .. . . ... . ... . ... . .. .. .. ... 4.412 
2 Significance of Chi-square : 
• P of between .05 and .01. 
Sex 
:Ok~~ I Number I Number 
sex males females 
15 7 4 
73 31 89 
31 14 25 
87 54 84 
24 14 30 
39 13 28 
54 16 23 
71 18 38 
53 42 59 
26 16 18 
65 50 55 
79 48 93 
59 47 82 
SS I 39 62 
60 47 71 
70 63 120 
1 12 29 
57 42 79 
······· ··· · · ··· · · · ········ 
·· · · · ···· · ····· ·· · ····· ··· 




























the occurrence of eversion of viscera and edema. If these anomalies 
are inherited at all the present data are too meager to permit de-
termination of the mode of inheritance. 
The average incidence of hemorrhage for the sires considered 
in table 7 is 1.903 percent of fertile eggs set with a standard devia-
tion of 0.389. The incidence of this class of abnormal embryos (Tables 
7 and 8) varied too greatly to be attributed to chance alone (P less 
than 0.01) but for the sires with the greatest percentage present 
no simple relations were evident for the various dams to which they 
were mated. 
The percentage of fertile eggs set that was classified as pipped 
but failed to hatch, varied considerably. An average of 2.703 percent 
was obtained for the sires considered in tables 7 and 5.209 percent 
was the average for the highly inbred sires (table 8). A positive 
correlation existed between percent total malpositions and percent 
pipped for the sires cited in table 7. The association was not intimate 
however as indicated by a coefficient of r = + .491. This relation-
ship did not exist for the inbred sires of table 8. 
Chondrodystrophy 
Chondrodystrophy is very unevenly distributed among the various 
sires of both tables 9 and 10. This led to tests for homogeneity of 
this characteristic. 
A test of the homogeneity of the incidence of chondrodystrophy 
for all sires that fertilized one hundred or more eggs is given by 
groups in table 11. All results for a sire used in two or more years 
are included in the group In which he was originally used. 
In four of the six groups (table 11) incidence of chondrodystrophy 
Is definitely different for the various sires. The two remaining groups 
Include two repeat sires in one case ancii three repeat sires In the 
other. This fact, together with the low Incidence of chondrodystrophy 
in these groups as a whole, may account for the homogeneous distribu-
tion in these cases. Wben all groups are combined the results Indicate 
that the incidence of chondrodystrophy varied more from sire to sire 
than can be accounted for by random sampling. If this character were 
inherited and the several sires differed genetically in regard to it, 
such results would be expected. 
Table 12 presents homogeneity tests for the distribution of 
chondrodystrophy according to dams mated to certain sires. Only 
sires producing a higher incidence of chondrodystrophy are included 
in this table. Part A of table 12 includes Louisiana matings and part 
B gives Iowa matings. 
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TABLE 11 
Homogeneity of Incidence of Chondrodystrophy According to S ires 
By Group 
Number,Degrees I s· ·es I Number Incidence of chondrodystl'Ophy Chi-square and Group of of 11 , fc l'ti le signlficanceZ sires fr edom repeated eggs set Number I Percent 
Iowa 1931. .... . .. 5 4 1-S 709 24 3.39 21.67t 
Louisiana 1931 .. . 4 3 2-2 825 4 .485 .472 
Lou isiana 1932 ... 7 6 8-2 1037 9 .586 9.49 
Jew a 1932 . . . .. ... 8 7 0 2733 46 1.68 61.54t 
Iowa 1933 . .. . ... . 9 8 0 4441 32 .721 88.49t 
Louisiana 1933 .. . 15 14 0 2983 82 2.75 84.90t 
Totals .. . . .. . . .. ) 48 42 ) . . . ... .. · 118,228 
197 J .. .... ···I 216.562t 
1 Sires repeated. Those sires used in the later y ars are included (for a ll · yea rs ) in t he 
group in which they orig inally appear. Example, .for t he Iowa 1931 gl'oup 1-3 means t hat 
one sire was used for three years. 
• t Highly significant cUA:erences, i. e., P = I ss t han .01. 
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TABLE 12 
Homogeneity of Incidence of Chondrodystrophy 
According to Dams 
For Certain Sires 
Part A (Louisiana Matings) 
Band I Number I Degrees I Numberof 
Incidence of 
n um bers of of embryos living 
chondrodystrop hy 
of sires dams freedom at fi ve days Number I Percent 
97 6 5 168 10 5
.95 
155 6 5 177 23 
12.99 
456 4 s 159 8 1.89 
8261 14 13 538 13 
2.42 
8719 4 3 11 9 3 
2.52 
. 4016 6 5 314 13 
4.14 
4790 4 3 185 7 
3.78 
8118 8 7 188 9 
4.79 
l 
Totals ... .. ·I 52 44 1,848 81 I ············I 
Part B (Iowa Matings) 
I 
Number of I I ncidence of Band Number Degrees chondrndystrophy 
num bers of of f erti le 
of sir es dams freedom eggs set Number I Percent 
I I J 2538 18 12 435 16 3.68 
3214 11 10 235 
14 5.96 
4P62 15 14 343 
11 3.21 
135 15 14 440 
10 2.27 
112 18 12 451 
6 1.88 
·126 16 15 400 
4 1.00 
204 15 14 532 
5 .94 
Totals , , ... ·I 98 91 2,836 66 I ········· ···I 
1 According to method of Snedecor and Irwin (1933). 
• - P of b tween .05 and .01. 


























For five of the eight Louisiana sires the distribution of chondrodys-
trophy according to dams was homogeneous but in a.u cases the 
probability of such distribution was rather remote. In the three 
other cases, which showed a higher incidence of chondrodystrophy, 
real differences in dams appeared to exist. When data of all Louisi-
ana sires are combined the Chi-square obtained is of such magnitude 
as to signify that the distribution of chondrodystrophy among all 
dams was not due to chance variation alone. The same holds true for 
the combined Iowa matings. 
For five of the seven groups of the Iowa matings chondrodys-
trophy was not normally distributed and for the other two groups the 
probability was low. This agrees with the findings of Hutt and Green-
wood (1929) and of Byerly, Titus and Ellis (1933a and b). The latter 
named a uthors (1933a) attributed the variable Incidence of cl1ondro-
dystrophy as due to some defici ency of the ration yet this would 
hardly account for the differences noted in the present study since 
all birds received the same ration. Breeding would seem to be a 
more logical explanation of the variabllity. 
The incidence of chondrodystrophy in fifty-three individual mat· 
ings that produced this character are given in table 13 together with 
the percentage of embryos affected and ratios approached, that is, the 
proportion of normal embryos to chondrodystrophic embryos. The 
fifteen sires Includ ed In this table were selected because of the rela-
tively high Incidence of chondrodystrophy in their progeny. All dams 
to which they were mated are included in the table , therefore com-
plete families of progeny are represented . The sires producing a 
larger number of cl1ondrodystrophic embryos were used because such 
matings include the dams that produced the lowest ratios of normal 
to chondrodystrophic embryos, they also include many hens that pro-
duce no chondrodystrophy, and others that produce wide ratios. In 
other words, all types of ratios that were observed are represented 
in table 13. For the data in the first half of table 13 the number of 
embryos alive on the fifth day was used as a basis in obtaining the 
ratios, while for the other data the number of total fertlle eggs set 
was used. The number of embryos alive on the fifth day was not 
available for the latter material. The results of a limited number 
of matings are summarized ln table 14. 
It is much to be regretted that the 1931 matings which produced 
the higher incidences of chondrodystrophy could not be repeated. Few 
progeny were available from the 1932' mati ngs which produced blgh 
percentages of this characteri stic. As a consequence of these circum-
stances no cri tical test of inheritance could be made, however the 
meager breeding data available are presented. The data of tables 
13 and 14 are of interest in that they suggest that if chondrodystrophy 
ls inherited it is recessive in character with a t least three pairs or 
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TABLE 13 
Distribution of Chondrodystrophy By Dams-For Fifteen Sires With 
High Inc idence of This Character. 
Incidence of 
No. of 5th Chondrodystrophy Ratios 
Sire's No. Dam No. Day Living 
Embryos I 
Approached' 
No. P ercent 
97 253 49 1 2.04 GS :1 
2407 8 2 25.00 S: l or 7 :1 
244G 20 8 15.00 7 :1 or 15 :1 
2478 50 1 2.00 GS :1 
2563 SS 3 9.09 7 :1 or 15 :1 
Totals for produc r dams .. 160 9 ·· ········· · ............ .. .... .. 
Also 1 negative mate. 
155 4256 59 6 10.17 15 :1 
4257 17 s 17.65 18:8 or 8:1 
4278 31 4 12.90 7 :1 
4280 38 10 26.32 S:l 
Totals for producer dams . . 145 2S ···· ·· ······ .. .. ... .... ... ........ 
Also i negative mates. 
456 4779 70 2 2.86 SS:l 
4788 75 1 l.S3 6S :1 
Totals for producer dams . . 145 s ········· ··· .. ...................... 
Also 2 negative mates. 
3261 4858 74 6 8.11 15 :1 
4865 102 1 .98 68 :1 
4867 SS 2 5.26 15 :1 
4870 55 2 8.64 15 :1 
4871 41 2 4.88 15 :1 
Totals for producer clams .. SlO l S ·· ·········· ........ ... . ,,_, .......... 
Also 9 negative mates. 
S719 
I 
4728 37 8 8.11 15 :1 
Also 3 n gative mates. 
I -
1 T he most closely approached common ratios are designated. 
All ratios suggest cl a1·e within the range of .95 and .05. 
T he 7 :1 ratios would be obtained in backcross matings. 
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TABLE 13-Continued. 
Distribution of Chondrodystrophy By Dams-For Fifteen Sires With 
Hi!)h Inc idence of This Character. 
Incidence of 
No. of 5th Chondt·odystrophy Ratios Sire's No. Dam No. Day Living Approached' Embryos 
I No. Percent 
I 
40 16 4734 58 2 3.45 63 :1 
4738 87 'l 4.60 15 :1 
4740 68 1 1.47 63 : l 
474 1 48 l 2.08 63 :1 
4747 48 5 10.42 7 :1 or 15 :1 
Totals for producer dams .. 309 13 ...... ..... . ······ ···· ··· ·· ··· ·· 
Also 1 negative mate 
4790 3865 27 8 11.11 7 :1 01' 15 :1 l '"" 33 1 8.08 68:1 4753 69 s 4.35 15 :1 
Tota ls for pro ucer dams .. 129 7 ... ....... .. ... ......... .... .... 
Also l negative mate 
811 8 4795 18 4 22.22 8:1 
4797 88 1 2.63 68 : l 
4798 16 3 18.75 s :1 01' 15 :1 
4799 Z9 1 8.45 15 :1 
Totals for pro ucer dams .. 101 9 ............ ............... ..... 
Also 4 negative mates 
2533 j "" 38 2 5.26 15 :1 3121 33 14 42.42 3 :1 
Totals for pro ucer dams . . 71 16 ............ ········ ···· ··· ····· 
Also 11 negative mates 
3214 3226 43 12 27.91 8 :1 
3227 37 1 2.70 68 :1 
3327 21 1 4.76 15 :1 
Totals for producer dams .. 101 14 ............ .... ........... ..... 
Also 8 negative mates 
I 
• The most closely approached common rat ios arc desig nated. 
All ratios suggested arc within the rnnge of .95 and .05. 
The 7 :1 ratios would be obtained in backcross matings. 
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TABLE 13-Continued. 
Distribution of Chondrodystrophy By Dams-For Fifteen Sires W ith 
High Inc idence of This Character. 
Incidence of 
No. of 5th Chondrodystrophy Ratios 
Sire's No. Dam No. ;Jay Living 
Embryos I 
App roached' 
No. P ercent 
4962 3126 16 l 6.25 15 :1 
S14S 22 3 13.64 7:1 
3303 14 2 14.29 7 :1 
8838 25 l 4.00 15 :l 
8341 20 3 15.00 7:1 
3353 28 1 3.57 15 : l 
Totals for producer dams .. 125 11 ···· ····· ··· ········ ·· ····· ··· ·· 
Also 9 negative mates 
135 ·l 26 l 3.85 15 : l 
272 24 l 4.17 15 :1 
309 22 l 4.54 15 :l 
346 42 2 4.16 15 :1 
880 18 2 11.11 7 :1 
2470 18 2 11.ll 7:1 
2483 38 l 2.63 63 :l 
Totals for producer dams .. 188 10 ·········· ·· ···················· 
A \so 8 negative mates 
112 226 42 l 2.38 63 :1 
305 52 4 7.69 15 :1 
2494 59 1 1.69 63 :1 
Totals for producer dams . . 153 6 ···· ······ ·· ·············· ······ 
Also 10 nega_tive mates 
126 
) 
885 48 4 8.83 15 :1 
Also 15 n egative mates 
204 12 32 1 3.12 63 :1 
236 48 4 8.38 15 :l 
Totals for p1·oducer dams .. 80 5 ............ ···················· 
Also 18 negative mates 
I I 
1 The most closely approach,~d common ratios are designated. 
All ratios suggested are within the range of .95 and .05. 
The 7 :1 ratios would be obtained in backcross matings. 
TABLE 14 




I : I 
Ratios of chondrodyst rophy a p proached 
I 
chondrody trophy 
Sire Si re matecl to' I Sire Dam in progeny With full sister s Wit~ ha lf-sisters of parents 
1518 3331 N egative mating' 135 One full sister and 14 ! - Negative mating 7- N egative matings 
half-sisters 2- 7:1 ratios 
4- 15:1 ratios 
1- 63 :1 ratio 
2533 3400 N egative mating 112 Five full sisters and 3- N egative matings 1- N egative mating 
two half-sisters 1- 15 :1 ratio 
1- 63 :1 ratio 
I 
3119 3145 Negative mating 204 Two full sisters, two 2- N egative matings 1- N egative mating 
half-sisters and two 1- 15 :1 ratio 
outcross females 
1467 3385 N egative mating 126 Three full sisters and 3- N egative matings 
four outcross females 
2533 3106 15 :1 ratio 97 Four half-sisters and 2-- 7 :1 ratios 
one outcross female 2--63 :1 ratios 
Summary 9-Negative matings 9- N egative matings 
1-15 :l ratio 4- 7:1 ratios 
1- 63 :1 ratio 5- 15:1 ratios 
4- 63:1 ratios 
Grand Totals 22- Negative matings 
1- 3:1 ratio 
4- 7:1 ratios 
I I 
7- 15 >1 ratios 
6- 63:1 ratios 
1 The f emales to whlch the sire was mated were also from negative matings with the one exception noted. 
2 Outcross--0utcrossed only in the sense of no inbreecling in this generation although from same inbrecl strain. 
•This female was also from a mating proclucing a 3 :1 ratio. 
•A negative mating is a mating from which no cbondrodystrophic embryos were obtained. 
I With outcross females• 
1- Negative mating 
1- 63 :1 ratio 
3- N egative matings 
1- 15 :1 ratio 
1- 3:1 ratio" 
4- N egative matings 
1- 3:1 ratio 
1- 15 :1 ratio 
1--63 :1 ratio 
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factors involved. The ratios of thirteen additional dams mated in 
1933 to several other males are quite similar to those given. Landauer 
and Dunn (1926), Hutt and Greenwood (1929) and Munro (1932) have 
similarly expressed the belief that chondrod ystrophy has a complex 
hereditary basis, while Dunn (1927) and Byerly, Titus and Ellis (1933 
a and b) have concluded that it is not inherited. Further planned 
matings must be made before final conclusions are drawn. 
MALPOSITIONS 
Incidence of Ma/positions-Year and Institution 
The incidence of malpositions according to year and institution is 
given Jn table 15. Description of the several malpositions and the 
numbers by which they are designated in this study are given in this 
table. In later tables the malpositions are identified by number only. 
The purpose in presenting the data in table 15 is to illustrate 
the great variation encountered in the occurrence of malpositions 
in different years and at the two different institutions. Certain mal-
positions varied widely from group to group as did the frequency to 
total malpositions. 
Incidence of Ma/positions-Date Eggs Were Set 
The several malpositions were present somewhat irregularly for 
the different setting dates (table 16) but no definite seasonal trends 
are noted in any case except that in the Iowa (1933) group mal· 
position 9 (feet over head) occurred much more frequently in the 
January settings. This single irreguarity is probaby accidental since 
no consistent trend ls present. Total malpositions a lso failed to reveal 
any general seasonal trend a lthough for the four combined groups 
the incidence was somewhat less for the settings in May, September-
October, and November-December, and those for the latter part of 
J anuary and for February. 
Incidence of Malpositions-Character of Mating 
The frequency with which malpositions occurred in different types 
of matings Is shown in table 17. The data given are based upon total 
dead embryos throughout the entire period of incubation and upon the 
number of embryos that were living on the 18th day. It may be noted 
that the occurrence of malpositions varies widely for the different 
groups. Attention is called In particular to the increased frequency of 
total malpositions which is based upon 18th day living embryos in 
the highly inbred matings, both parents dwarfism carrier matings, 
creeper matings and Albino Wyandotte matings. 
TABLE 15 
Incidence of Various Malpositions 
By Year and Institution 
Mal positions 
_. 
No. f er- No. 18th "' day ~.= ., ...!. ' Institution Year tile egg3 "" "' "" ., 1l "' "' c 
c=t.1-1 > r"I 
living c cc .s 1l= g 11; c "' c: c "' 0 S O;:::?. set embryos ~ r.n ~~~ 0"' c O"" c o"" c 
o~ ~ g~~ "" 
.., ., 
"'O ~ ~-g:o ·-'t:J·- :u '=':0 z·;;; ~~~ d.C ~c::..o ...... .,,, "'d"' .,.., ..,., d-;:i ~~§ ~=~ ·; c: E ~~g s]. .. . -'O s ~~:.c ~s~ .. ..... ~.e "c 0"' 0 t!~'.5~ .Q ... "'0 ~~ ~:i p...," p....,." p..,... v o.<: o'" 
1 2 3 4 5 6 7 I 8 I 9 E-< s p:: &~.= . 
Percent of 18th day living "mbryos 
Iowa .... ... ... 1931 1185 864 6.02 1.97 1.62 2.43 .35 .23 0.00 .23 .12 112 12.97 
Louisiana ..... 1931 900 747 1.20 2.68 .67 1.07 .27 0.00 0.00 0.00 .13 45 6.02 
Louisiana ..... 1932 2943 2511 .48 1.43 .48 1.00 .16 .04 o.oo .04 o.oo 91 3.63 
Louisiana ..... 1933 4082 3359 1.28 2.89 .83 1.37 I 
2.50 .06 .45 .24 0.00 323 9.62 
I 
Iowa . ... ..... . 1932 2733 2277 1.10 1.45 2.99 .53 
I 
4.08 .04 .88 .31 o.oo 259 11.38 




Incidence of Malpositions 
By Date Eggs W ere Set-Percen t of Tota l Dead Embryos 
Ma I pos itions 
Date eggs 
I l I I I 
Total ma!- Tota l No. 
were set 
1 2 3 4 6 9 
positions dead 
Four groups combined' 
Janua1·y 1-1 7 .... 4. (i2 13.86 1.54 10. 77 4.62 . ..... 35.40 65 
January 18-30 .. . 2.42 7.27 .61 7.88 3.03 . . .... 21.21 166 · 
February 1-1 6 .. . 3.46 6.05 2.59 4.32 4.61 . ... .. 21.03 347 
February 18-27 .. 4.38 5.51 6. 12 1.97 2.76 . ..... 19.69 254 
March 1-13 ···· · · 7.19 6.83 3.96 1.80 6.12 ... ... 25.90 278 
March 18-30 ..... 8.66 8.66 3.54 4.72 4.33 . ..... 29.9 1 254 
Apri l l -14 ······· 9.21 8.33 4.39 6.58 8.33 .44 37.28 228 
April 15-29 .... .. 5.97 9.70 1.49 6.72 2.24 ... .. . 26.12 268 
May (includ ing l 
hatch in June) . 4.35 4.78 .43 8.04 4.78 .43 17.81 230 
Sept.-Oct. ....... 8.47 6.H 1.49 2.97 .99 ...... 15.36 202 
Nov.-Dec. ....... 1. 52 6.60 1.02 6.58 6.09 .... .. 20.81 197 
Tota l number 
examined ...... 129 179 64 11 4 109 2 597 2488 
Iowa 1933 
I 
January 9. 16 .... 4.60 3.45 12.64 1.1 5 24.14 25.29 71.27 I 87 
January 23 , 30 ... 4.06 8.1 2 9. 14 2.54 16.24 19.29 59.39 I 
197 
F ebruary 6. 13 .. . 3.91 10. 16 7.81 .78 36.94 0.00 68.6
0 128 
February 20, 27 .. 4.60 7.21 7.21 3.60 21.62 0.00 44.14
 111 
March 6, 13 ..... 1.58 6.62 8.52 2.21 25.24 .63 44.80 317 
March 20, 27 .... 1.97 7.30 8.43 2.25 28.09 .28 48.32 356 
April 8, 10 ...... 2.33 6.4 1 11.08 3.50 35.86 .29 69.47 843 
Number for total 
examination ... 42 109 142 88 426 64 821 1639 
Percent for total 
e.~nm i nation ... 2.73 7.08 9.23 2.47 27.68 4. 16 53.36 
1 Iowa 103 1, Louisiana 1931, 1932 and 1933. 
Character of mating 
Regular 0 
Mildly inbred 1 
Highly inbred-ma\-
position stock 2 
Sire dwarf carrier s 
Both parents dwarf carriers 4 
Both parents creepers 9 
Kiwi mating 10 
A lbino Wyandotte mating 11 
Sire sticky carrier and both 
parent.> dwarf carriers 15 
Miscellan eous matings 
Averages-All matings except 
highly inbred ma\position 
TABLE 17 
Incidence of Various Malpositions 
By Character of Mating 




embryos set 1 2 
Percent of dead embryos 1458 5521 5.08 6.17 
Percent of 18th day living . .. .. .. ... ······· · ···· 1.68 1.92 
P ercent of dead embryos 211 983 6.64 8.53 
Percent of 18th day living · ········· ········· · ·· 1.65 2.00 
P ercent of dead embryos 2429 7352 3.29 6.42 
Percent of 18th day living . ..... .. .. · · ········· · 1.24 2.43 
Percent of dead embryos 132 481 4.55 4.55 
P ercent of 18th day living · · · ··· ·· ·· ············ 1.51 1.51 
P ercent of dead embryos 289 794 4.50 8.65 
P ercent of 18th day living .... . .. .. . · ··· ········ 1.94 3.73 
Percent of dead embryos 65 84 1.82 7.27 
Percent of 18th day living ······· · ·· ······ ··· ··· 1.67 6.67 
Percent of dead embryos 45 222 11.11 17.78 
P ercent of 18th day living ...... . ... . .. ......... 2.44 3.90 
Percent of dead embryos 94 180 5.32 8.51 
Percent of 18th day living .. ..... . .. ..... . ...... 3.73 5.97 
P ercent of dead embryos 115 225 6.09 13.04 
P ercent of 18th day living .......... ..... ... . ... 3.95 8.47 
P ercent of dead emb ryos 89 620 .. .... .. .. . . 
Percent of dead embryos 2488 9110 5.10 7.32 
Percent of 18th day livinir ·········· ·· · ·· ·· ····· 1.71 2.44 
Mal positions 
I I 
I Total Total number P«rcent 3 4 5 I 9 
2.67 4.46 1.85 .14 ..... ~~~ .... I 20.37 .83 1.39 .58 .04 6.34 
1.42 9.95 10.43 · ····· 78 36.97 
.33 2.33 2.44 .... .. · ··········· 8.65 
9.02 2.88 22. 19 2.39 1122 46.19 
3.41 1.09 8.39 .90 ············ 17.46 
1.52 2.27 13.64 ··· · ·· 35 26.63 
.51 .76 4.52 ..... . ··········· · 8.80 
w:::.. 
1.73 4.81 10.03 . ··· ·· · 86 29.75 00 
.75 2.09 4.32 ·· · · · · ·· · ··· ··· ·· · 12.83 
1.82 5.45 5.45 . ..... 12 21.81 
1.67 5.00 5.00 .. ... .. · ·· ···· · · · · · 20.0l 
o.oo 2.22 4.44 ····· · 16 35.65 
0.00 .49 .98 ······ ···· · ····· · · 7.81 
4.26 1.06 5.32 . ..... 23 24 .47 
2.99 .75 3.73 . ..... ·········· · · 17.17 
3.48 3.48 5.22 .... . . 36 31.31 
2.26 2.26 3.39 · ·· · ·· ····· ·· ····· 20.33 
.... .. .. . ... .... . . ···· ·· 19 21.85 
2.57 4.62 4.54 .08 
I 
. .. .. ~~~ .. . ·\ 24.20 .86 1.56 1.52 .03 8.12 
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Incidence of Malpositions-Si res 
The number of specific types of malpositions is given in tables 
9 and 10 for each sire together with the total number of malpositions 
and the percent total malpositions of 18th day living embryos. At ten-
tion is called to the fact that in every case in which the number of 
ma lposltions for each sire is appreciable, a ll tlve of the common types 
of malpositlons are r epresented. Malposition 9 (feet over head) was 
rarely fo und except in the Iowa (1933) examinations, here six sires of 
the ten used proclucecl malpositions of this type. 
Incidence of Malpositions-l ndividual Matings and By Sexes 
Table 18 presents the results of tests for homogeneity of the occur-
r ence of malpositions in 309 individual matings involving 8,562 embryos 
a live on the 18th day. For the entire sample involved it is revealed 
that real variation in the occurrence of malpositions existed from dam 
to dam. This also holds true for the different dams mated to a given 
sire in 20 of 29 cases. If the incidence of malpositions were due to 
chance variation a lone we might expect greater homogeneity, but if 
dependent upon some cause, such as inh~rent differences, some sub·· 
samples might well be homogeneous, others heterogeneous. 
Tables 19, 20 and 21 present evidence as to the incidence of mal-
positions by sexes. Table 19 gives the summarized results for 701 
male embryos, 762 females and 1,025 of unidentified sex for data in 
which all dead embryos were examined. The sexes of the progeny 
showing malpositions, from seventeen males producing a high inci-
dence of these abnormalities, are r evealed in table 20. In table 21 
is presented a typical example of the distribution of malpositions by 
sexes for the various females mated to one male. Distribution of 
malpositions are quite similar for the two sexes, both on a basis of 
percentage of each sex that died and in actual numbers for the Loui-
siana data (table 19). For the data by sires, given in table 20, the 
incidences of malpositious in the two sexes are similar when con-
sidered on a basis of percentage of each sex that died but not in actual 
number ot malpositlons. The percentage distributions of the r espec-
tive malpositions for all sires combined are remarkably similar for 
both sexes. However, attention is called to the fact that the inbred 
sires, table 20, produced 608 female malpositions as compared to 353 
male malposition s. In other words, 63.27 percent of all malpositions 
produced by these sires were females. It may be noted a lso that 61.75 
p r cent of all dead embryos sexed were females, with great variation 
for th e diff rent sires. These facts are considered in connection with 
discussion of a sex-linked lethal gene. 
Jt is interesting to note, in table 20, that for either sex approx-
imately 4 percent of a ll sexed embryos were in position 1 (head be-
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6 5 147 23 Hi.65 
6 5 141 19 13.48 
11 10 805 27 8.85 
14 13 492 66 13.42 
4 3 100 13 18.00 
6 5 267 45 16.85 
9 8 216 28 12.96 
3 2 47 9 19.15 
4 3 173 12 6.94 
10 9 176 33 18.75 
9 8 255 37 14.51 
18 12 289 31 12.97 
12 11 264 28 10.61 
7 6 90 7 7.78 
5 4 11 7 14 11.97 
10 9 278 7 2.56 
13 12 337 77 22.85 
10 9 845 81 8.99 
18 12 438 16 8.65 
10 9 163 22 13.50 
15 14 270 39 14 .44 
14 
I 
13 475 67 14 .10 
11 10 876 75 rn.95 
15 14 894 103 82.42 
19 18 718 78 10.94 
17 16 500 141 28.20 
15 14 488 85 17.42 
18 12 459 84 18.30 
15 14 802 111 36.78 
Totals ... . ·I 800 280 8,562 1,328 15.51 
1 
• P of between .02 and .01. 
t P of less than .01. 
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Incidence of Malpos itions According to Sex of Embryo 





2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 
].9 
0" E·d3 
Males (Malpositions as percent of total dead males) 
~~s2_. s_2~/~s._1s~/_10_.2_1~/-4_.4_2L/_s_.10~/'---5._14~l~·2_9~l ~·1_1L/ _1_.4s~l'---·-29~1~2-62..._!_l~10_1 ~l~s-1.s_s~ 
F emales (Malpositions as p ercent of total dead females) 
I 
752 I 37.01 1 .... 62.99 I 6.56 i 12.071 S.151 6.4S I 6.96 1 .391 1.31 I .131 0.00 I 282 I 
Sex Unknown (Malpositions as percent of total dead of unknown sex) 
'~~-.-~~-.~~.---~--;-~~.-~-.~~.-~~.-~---.~~.-~~.-
~~~~~~~ 
.ss / .59 .s9 .a9 .391 o.oo I o.oo o.oo o.oo 21 / 1025 97.37 2.63' 
,,._ 
1 Incidence of rnalpositions is negligible in t his group because most of the embryos
 so classified died 
~rly in t he incubation period. 
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TABLE 20 
Incidence of Malpos itions Accordini:i to Sex of Embryos 
By Sires (Highly Inbred Leghorns) 
"' 0 
" ,,,I:' ~ Male Ma\positions (As percent of total male dead) ;; "' .. ,,, ~ ~= Iowa 1932 AE A . . 2 !1 Sire ..cr..1 o .... oc; 
;; "" ;; 
! I I l l l l I 
z ·;;; Z;::l .... " a gi s.e -~ •'> ... _ 1 2 8 ,, 5 6 7 8 9 h ~;'.l 0 .. 0"' z~ :,..);l f,<A 
B438 ..... . .. 265 37.50 o.ool 12.50 25.00 o.oo\ 12.50 0.00 0.00 12.50 0.00 5 8 
Bl467 ........ 289 54.84 3.23 9.68 3.23 3.231 25.81 0.00 0.00 0.00 0.00 14 81 
Bl 518 ... ... .. 264 14.29 14.29 o.oo 35.71 0.00 35.71 0.00 o.oo 0.00 0.00 12 14 
B2533 .. . .... . 337 44.44 5.56 3.70 24.07 0.00 20.37 o.oo 1.85 0.00 0.00 30 54 
B3119 ····· ··· 354 28.57 7.14 14.29 0.00 7. 14 35.71 0.00 7.14 0.00 o.oo 10 14 
B3191 .... ... . 438 46.15 28.08 0.00 7.69 7.69 15.38 0.00 o.oo 0.00 0.00 7 13 
B3214 .. ...... 17 5 43.75 12.50 6.25 25.00 6.25 6.25 0.00 0.00 0.00 0.00 9 16 
B4962 ........ 270 85.29 0.00 11.76 11.76 0.00 29.4 1 0.00 11.76 0.00 o.oo 11 17 
Iowa 1933 
Cl05L ·· ·· ···· 475 88.4 6 0.00 10.26 12.82 0.00 33.33 o.oo o.oo 0.00 5.18 24 89 
ClllL ..... ... 214 50.00 0.00 6.25 18.75 6.25 18.75 0.00 0.00 0.00 0.00 8 16 
C112E ........ 876 32.00 2.00 6.00 10.00 4.00 34.00 0.00 0.00 2.00 10.00 34 50 
Cl26B ..... .. . 838 20.83 8.88 12.50 8.83 2.08 37.50 0.00 0.00 0.00 10.42 38 48 
Cl85R ········ 894 44.68 6.38 6.38 4.26 4.26 34.04 o.oo 0.00 0.00 0.00 26 47 
C170I ········ 713 35.90 o.oo 7.69 2.56 2.56 51.28 o.oo o.oo o.oo 0.00 25 89 
C202E ........ 503 38.10 0.00 6.35 11.11 3.17 83.38 0.00 0.00 0.00 7.94 39 63 
C2041 ...... . .. 488 34.04 2.13 14.89114.89 4.26 25.53 2.13 2.13 0.00 0.00 81 47 
B3172 .... .. .. 468 28.57 2.38 7.14 19.05 7. 14 85.71 0.00 0.00 0.00 0.00 so 42 
I 
Grand Totals 
22! 451 18\ Number ...... 6,301 205 70 173 1 5 2 17 853 558 
P ercent .. ..... .. .... 86.74 3.94 8.06112.54 3.23 31.00 0.18 0.90 0.36 3.05 ..... . .. .. 
(All Iowa '32 
and Iowa '33 
I Sires ) 
1! "' ., 'tl " .,., " ~ ~ al ~ <i J! "<:: "' ~·- 0 E., 
~~~ ._ E 0"' p..5::;1 z~ 
62.50 0.00 



















TABLE 20 (Continued) 
lnciden.ce of Ma lposi tions Accordino to Sex of Embryos 
By Sires (Highly Inbred Leghorns) 
"' Oi 
Female Malpos itions (As percent of total female dead) 
E 'tl 
"'"' ~ ~
o~ Q z ·;;; 0"' 
I 
z ~ 
! 1 1 1 I I I 
sE -" 
l 2 3 4 5 6 7 8 9 ti 5 0" I ... ~ ~~ 
25.00125.00 
I I I I I I 
0.00 50.00 0.00 o.oo 0.00 0.00 0.00 4 
4 
5.13 7.69 0.001 0.00 88.88 0.00 0.00 
2.56 0.00 19 39 
8.00 12.00 20 .00 o.oo 12.00 0.00 8.00 4.00 0.00 
16 25 
2.88 4.76 13.10 8.57 25.00 0.00 7.14 0.00 0.00 
47 84 
10.00 13.33 3.83 6.67 13.88 0.00 16.67 .10.00 0.00 22 
30 
0.00 0.00 10.71 8.67 10.71 0.00 3.57 3.57 0.00 9 
28 
8.70 17.39 26.09 4.85 13.04 0.00 4.35 0.00 
0.00 17 23 
5.56 5.56 30.55 2.78 16.67 2.78 5.56 0.00 0.00 
25 36 
8.10 11.11 12.96 1.85 88.89 0.00 l .85 0.00 7.41 
42 54 
5.56 11.11 11 .11 11.11 22.22 0.00 0.00 0.00 0.00 
11 18 
8.64 5.45 12.73 1.82 82.78 0.00 0.00 0.00 
7.27 35 55 
4.80 10.75 12.90 1.08 37.68 0.00 0.00 
0.00 12.90 74 98 
14.81 7.41 12.85 6.17 32.1 0 0.00 1.23 0.00 
6.17 65 81 
1.61 19.85 12.90 8.23 38.71 0.00 0.00 0.00 
0.00 47 62 
1. 68 4.20 8.40 0.00 88.66 0.00 0.00 
0.00 14.29 80 119 
7.04) 11.27 18.31 1.41 
28.94 1.41 0.00 1.41 2.82 48 71 
0.00 5.06 12.66 2.53 84.18 0.00 2.53 0.00 
2.53 47 79 
42\ 78\ 
I I I 
117 1 24 1 271 
0.2:( 
21 7 46 608 901 
4.66 8.66 12.99 2.66 30.08 2.38 
0.78 5.11 ... ... ...... 
I 
I I I I 
1 Of total 18th clay living embryos. 
!'.! 
<i g:; !!! 
~ .... !? " .., ci .~ >: 11' .,..: ,., 
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Incidence of Malpositions According to Sex of Embryos 
By Individual Matings- t yp ica l Example 
iii Male Mn\positions 
:i ec E l1 (Number of) 0-
0 0 "'" z .. z 
.... _ 
... ::s z .... " 
1 I I I 41 I 6 ! 7 ! s \ 
s o:::: o"O Cl . >. 0 gj 2 3 5 9 .. .. 0 .. 00 0 z"" Zo I I l 
C202E c 54 1 0 0 0 0 0 0 0 0 0 0 
C202E c 58 87 2 0 0 1 1 2 0 0 0 2 
C202E c 60 45 4 0 1 1 0 2 0 0 0 0 
C202E c 79 17 0 0 1 0 0 0 0 0 0 0 
C202E c 110 45 0 0 1 0 0 2 0 0 0 0 
C202E c 119 11 0 0 0 0 0 3 0 0 0 0 
C202E c 180 39 0 0 1 1 0 0 0 0 0 2 
C202E c 137 38 5 0 0 1 1 4 0 0 0 0 
C202E c 162 49 2 0 0 0 0 s 0 0 0 0 
C202E c 204 22 1 0 0 0 0 3 0 0 0 0 
C202E c 250 10 0 0 0 0 0 0 0 0 0 0 
C202E c 271 33 1 0 0 0 0 0 0 0 0 0 
C202E c 285 19 0 0 0 0 0 0 0 0 0 1 
C202E c 311 17 1 0 0 3 0 0 0 0 0 0 
C202E C2510 22 1 0 0 0 0 0 0 0 0 0 
C202E C2518 42 1 0 0 0 0 0 0 0 0 0 
C202E C2579 56 6 0 0 0 0 2 0 0 0 0 
Total 
I 
Number ...... .. 508 24 0 4 7 2 21 0 0 0 5 
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TABLE 21 (Continued) 
Incidence of Malpositions Accordin g to Sex of Embryos 
By Individual Matings-A typical Example 
.... "' Female Ma\positions S.!!! (Number oi) 
... oS os z ., 
.... i:.. 
1 I 21 s l I 61 61 7 1 s I ~] 4 9 0"' ZA 
I 
I 
0 \ o I 0 0 0 0 0 ~ I 0 0 6 0 0 0 0 . 0 0 0 1 
8 0 0 2 0 0 ·1 0 0 0 1 
0 0 0 0 0 0 0 0 
0 8 
4 0 0 2 0 6 0 0 
0 0 
0 0 0 0 0 1 0 0 
0 0 
1 0 0 ! I 0 4 0 
0 0 1 
8 0 0 0 7 0 0 
0 2 
4 1 o I o I 0 2 0 0 0 2 
2 0 2 1 0 8 0 0 
0 0 
0 0 1 0 0 0 0 
0 0 0 
0 0 1 0 0 s 0 0 0 0 
s 0 0 0 0 4 0 0 0 0 
0 1 0 s 0 5 0 0 0 1 
7 0 0 0 0 8 0 
0 0 0 
4 0 1 0 0 s 0 0 0 4 
2 0 0 0 0 2 o I 0 0 2 
I 
89 2 5 10 0 46 0 0 0 17 
32.77 1.68 4.20 8.40 o.oo SS.66 0.00 0.00 0.00 14.29 
""' ll "' ~" Cl) 0 .Q 0 .. Z] ""'~ z.,·;;; 
]le $0 -.s Q" .fl 8 ..... 
0 "' oS 0"' 0"' 






8 8 1 
s 12 2 






6 s s 
1 1 0 
4 4 1 
4 7 1 
10 10 s 
8 10 0 
8 12 s 
4 I 6 2 
I I 
·+: .. I ~'. 
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percent in position 3 (head to left); 3 percent in position 4 (rotated 
in shell); 30 percent in position 5 (head not under wing) and 3 percent 
of dead males and 5 percent of dead females were in position 9 (feet 
over head) . In a few instances a given embryo was found in two 
different malpositions, a combination of p_ositions four and five being 
most frequent. 
The relative frequency of the different malpositions for different 
stock is of interest. For the data of the non-inbred stock position 2 
(head in small end of egg) was most commonly found. This agrees 
with the results of Smith (1931) and Byerly and Olsen (1931). In the 
work of H tt (1929) positions 2 and 4 occurred with about equal 
frequency a nd more often than did the other positions. Position 1 
(bead between legs), position 4 (rotated) and position 5 (head not 
under wing) were found at approximately the same rate in the non-
inbred stock. In the highly inbred stock, in which the incidence of mal-
positions was much higher, position 5 (head not under wing) occurred 
much more frequently than did any other position. This is in 
agreement with report of Hutt and Pilkey (1934). This position was 
not included iri the studies of earli er workers. Position 3 (head to 
left) ranked second in occurrences in the highly inbred stock of this 
study as in the data of Hutt and Pilkey (1934), with position 1 next 
in order. The other positions occurred with about equal frequency. 
It bas been observed, as may be noted in table 21, that often the 
dam produces two or three, and, in some instances more, different 
types of malpositions. This fact, together with similar observations 
concerning sires (table 20 and previous tables), suggests that possibly 
no innate differences underlie specific malpositions. If this be true 
an impaired abili ty of orientation may be the basic underlying factor 
for all malpositions. 
The variation in incidence of the different positions in different 
stock as reported by previous investigators might be interpreted to 
indicate genetic differences for each positfon. However, all workers 
have fo und several positions In their material and it seems un-
lil;:ely that in stock from various sources all would carry the several 
multiple recessive genes required if each position were Inherited 
separately. It is definitely indicated that no one position ls inherited 
as a simple recessive. 
The suggestion is offered that an impaired sense of orientation 
is the basic condition Involved and that the several specific positions 
are merely different expressions of the same trait. It Is freely ad-
mitted that the data available do not prove the hypothesis suggested. 
It will be neces~ary to make extensive planned matings of stock of 
known malpositlon breeding before conclusive evidence ls available. 
Extensive tests are also necessary to determine the number of mal-
positions of various sorts that can be induced to occur by various 
57 
environmental influences, in a stock st andardized as to incidence of 
malpositions. 
Another essential point that needs to be definitely determined 
is the absolute degree to which each respective position is lethal. 
Some of the positions are beli eved to be an absolute bar to hatching, 
for example head between thighs; while it is known that some chicks 
in other malpositions do hatch, for example. embryos with the head 
in th e small end of the egg. No comprehensive test has been made 
to determine the percent of each position that does batch. 
Sex Ratios 
Sex was determined for the dead embryos by macroscopic ex-
amination of the gonads, when possible to do so. A small number 
of older embrYos were not sexed due to decomposition of embryos 
or to acciden ts of examination, but most of the embryos that died 
after 12 days of incubation and a number that died before this time 
were sexed. Tables 22 and 23 give the number of dead embryos 
of undetermined sex, the number of males, and number of females 
and the significance of the deviation from a 1 : 1 ratio for the number 
of males and females identified. The proportion of the two sexes 
is given by date eggs were set in table 22. 
Consideration of the sex ratio for the combined groups by date 
eggs were set shows no signifi cant differences, except possibly for 
the March 18-30 settings. Embryos of the Iowa (1933) group yielded 
a consistently significant excess of females for all dates upon which 
eggs were set. Since this tendency was constant, date of setting eggs 
did not affect the sex ratio. It may be stated that the sex ratio did 
not vary sens ibly according to season. This is contra ry to early work 
of Jul! (1924) but ls in agreement with the results of Lambert and 
Knox (1926). 
Sex ratios for embryos grouped according to breeds and according 
to character of mating are given in table 23. 
The only significant deviation of the sex ratio when considered 
by breeds is In the case of the miscellaneous breeds. Analysis of the 
da ta for this group, by sires, failed to indicate a sex-linked lethal gene. 
It should be noted that the highly inbred single comb White Leghorns 
are not included in the White Leghorn breed as given. 
The highly inbred Leghorn group is the only type of mating which 
shows an abnormal sex ratio. Further analysis is made of this group. 
Significant and striking deviations from the normal sex rati.o 
as reported by the extensive work of Pearl (1917) and other workers 
listed by Jull (1932) were obtained in the highly inbred group. 
Th at no differential sex mortality of embryos occurs normally 
has been determined conclusively by Thomsen (1911) , Pearl (1917), 
Date ~ggs 
were set 
January 1-17 ........ 
January 18-SO .... ... 
February 1-1 6 ....... 
February 18-27 ...... 
March 1-13 ..... .. .. . 
March 18-30 ...... .. . 
April 1-1 4 .. .... ..... 
April 15-29 ... .... ... 
May ···· ·· ···· ······ 
Sept.-Oct. ... .... .... 
Nov.-Dec. ..... ... .. . 
Totals ....... ... .. 
J anuary 9, 16 ....... 
January 23, SO ... .. . 
February 6, 13 ... ... 
February 20, 27 ..... 
March 6, l S ......... 
March 20, 27 ....... . 




S ex R a t ios of Dead Embryos 

















































1 If Chi-sQuare is not significa nt no indicator is used. 























• - P oC between .01\ and .01. Chi-equnrc table p. 96, Fisher (1930). 
t - Highly significant difference, i. e., P less than .01. 
• Iowa 1931, Louisiana 1931, Louisiana 1932 and Louisiana 1983. 
TABLE 23 
Sex Ratios of Dead Embryos 
By Breeds and by Character of Mating 
Number Se.'< ratio Number Nu,.;,ber 
Sex ratio 
Breeds unknown Number Number with sig- Chara oter of unknown Numb,. with sig-
sex males f emales nificance of mating sex males f..::maJes ni ficance of Chi- quare' Chi -f'quare1 
Miscellaneou s b reeds 
I and eros::bre<ls · ·· · · · · · ·· 73 83 120 40.89t Regular .............. . . .. 664 370 424 46.60 
W hite Leghorn · · · · · · · ·· ·· 267 172 154 62.76 Mildly inbred ···· ··· ····· 66 73 72 60.34 
R. I. R ed ··· ······ · · · · ·· · · 423 200 218 47.86 H ighly inbred Leghorns ... 855 573 939 S7.90t 
White W yandotte .. ....... 120 103 115 47.26 Sire dwarf carrier ... . ... 71 32 29 62.46 
R ed by L egho r n Both s ire and dam 
crossbred ... . . .. ... ..... . 86 78 92 46.88 dwarf carriers .... . ..... 109 86 94 . 47.78 
Red by sti cky Both sir and dam 
crossbred ...... ..... .. ... 56 66 63 60.78 sticky carriers ····· · ··· · 16 11 I S 46.83 
Doth sire a nd dam 
creepers ··········· ··· · 14 19 22 46.34 
Kiwi mating ··· ····· ···· · 18 13 14 48.16 
I ' Albino Wyandotte .. ... ... 27 38 29 66.72 
Sire sticky carrier and 
both parents dwarf 
I 
carriers ····· ··· ··· ·· ··· 26 45 44 60.66 
I I 
1 t Highly s ig nificant differenee, i. e., P . less than .01. 
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Jull (1924), Lambert and Knox (1926), Lambert and Curtis (1929) and 
Horn (1927) . The same is true of this study except for the highly in-
bred White Leghorn matings. 
Sex Ratios-Sires 
Sex ratios by sires are given in tables 9 and 10 for all sires that 
fertili zed as many as 100 eggs. In no case did a sire included in 
t able 9 show a conclusively large excess of either sex although five 
borderline ratios were obtained. However these all involved relatively 
small numbers. In only one. case, of the 5 mentioned, was there a 
possible excess of males found . 
On the other hand, of the known sixteen highly inbred single comb 
White Leghorn males (table 10) five produced a highly significant 
excess of females and six other ratios are ol' borderline significance. 
These results suggested the presence of a sex-linked lethal gene and 
furth er analyses were undertaken to tes t this possibility. 
A Sex-Linked Lethal Factor 
In table 24 is presented breeding evidence indicating the presence 
of a sex-linked lethal gene. The sex ratios are given of the progeny 
of certain sires and the sex ratios of the progeny of their sons tha t 
were used the following season. The sex ra tios of the malpositions 
are given for the same males. 
Because the fema le is heterozygous for sex in the domesti c fowl the 
sire is the parent tha t transmits a sex-linked lethal factor. Males with 
the genotype ZZ Ll ma ted to females (WZL)- would produce living 
progeny with a sex ratio of two males to one female beca use one-hair 
of the fe males would not hatch since they would receive the le thal 
gene from their sire. Conversely such a mating would be expected 
to produce a sex ra tio of dead embryos of two females to one male, 
or, as generally expressed, a sex ra tio of 33.33. One half of the 
males from this type of mating would be carriers of the lethal gene 
(ZZLI) but would be viable. 
The resul ts presented in table 24 strongly support the theory 
that a sex-linked le thal gene was carried by certain males used in 
1932, namely; 1518, 3119, and 1467 and tha t it was transmitted by them 
to their sons used the following season. Sire 2533 probably likewise 
carri ed the lethal factor even · though bis two sons used in 1933 proved 
to be non-carri ers. As stated above, only one-half of the sons would 
be expected to t ransmit the factor. It is probable that sires 3191 and 
4962 were also carriers of the le thal factor although no sons from these 
males were used the following season. It may be noted that the num-
ber of observed fe males tha t died is in some cases appreciably less 
than the number expected but it should be mentioned that not all 
1932 
N umber 
No. of each sex Ba nd dead Sex r a t io 
numba · fema les observed 
expect ed w ith sig-nifl cance of 
Chi-square' 
Si re~ 
N o. of ea ch sex 
of ma lpos ition 
Sex ratio of 




Breed in g Evidence of a Sex-Linked Lethal Factor 





No. of each sex 
observed 
Ca rrier sons of s ires used in 1932 
Sex ratio 
with si.g-
N o. of ea ch sex 




I I Males Females Males Females 1 
nifi cance of 
M I F I Chi-squar e I a es 'ema es Ma les F emales 
~~~~-7-~~~--'\--~~~+-~~~+-~~~~-+~~~-+~~~--.;~~~~~1~~~~~~~~~-',-~~~-;-~~~-;-~~~~~~~~~J__~~~,!--~~~-- ..-----;-----
110 I 47 I 81 1518 73 14 
2533 109 54 
3119 95 14 
3191 13 
4962 88 17 
1467 78 14 
438 8 
1 • P between .05 a n d .01. 
t P less than .01. 
25 35.90• 
84 39.13• 
30 31. 82* 
28 31. 71 * 
36 32.H t 
19 44. 29" 
' 1'h is rati o is w ithin the p robabili ty mngc of a 2 :1 ratio. 
a Too Ccw p1·ogc ny sexed to b a r eliable p;uidc. 
12 16 42 .86 
30 47 38.96 
10 22 31.25 
9 43.75 
11 25 29.73 
14 19 42.42 
5 4 55.56 
135 
··· · · ··· · · · · ··· · ·· ·· ·! · · · ··· ·· · ·!· ·· ·· ···· · 
I :~ I 1 ~~ 202 204 137 133 
No £ons u sed . . . . . . . . . . . . . . . · · · · · · · · · · 
No sons used .... . 












:: :: ::: :::! ::: ::::::::: 
38 74 I 33.93 






·· ···· ··· ·· 
170 
No. of each sex 
observed 
Males 






···········!········· ·· ..... ...... ) .......... . 
:::::::::::/::::::::::: 
39 I 62 
Negative sons of sires used in 1932 
Sex rat io 
41. 58 
47.62 
No. of each sex 
of ma /pos ition 
Ma les Females 
24 42 
34 35 




38.61 25 41 34.72 
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of the dead embryos from these sires were examined and some of 
those examined were not sexed . It is to be regretted that the sex of 
a ll of the chicks that hatched from these matings was not available 
to be used in checking the sex ratio of the viable progeny. The primary 
cause and time of expression of the sex-linked lethal involved have 
not been determined. However, the number of embryos involved is 
large and lends support to the hypothesis. 
Sex ratios of the non-inbred stock of this study have shown that 
there is normally no differential sex-ratio of dead embryos. This 
substantiates the findings of other workers. Jul! (1931) has reported 
that close inbreeding of itself does not affect the sex-ratio. IDJ the 
light of these facts the evidence available is convincing that a sex-
linked gene is responsible for the aberrant sex ratios obtained. 
The sex-ratio of the malpositions produced by a given sire is in 
most cases fairly close to that for all dead embryos sexed but the 
number of malpositions is in most cases appreciably less than the num-
ber . of total sexed embryos. Obviously, then, malpositions cannot 
be the sole cause of the abnormal sex ratios observed but they do 
show a tendency toward a sex-linked ratio for some sires. In the data 
for two sires the sex ratio of the malpositions deviates significantly 
from 1: 1 ratio and in several other cases the results approach a 2: 1 
ratio more closely than a 1: 1 ratio. The differential mortali ty in-
dicates that a sex-linked gene may be involved in the inheritance of 
malposltions. 
Inherita nce of Dwarlism an d Interrelations hips of 
Dwarlism, Creeper and Sticky Characters 
Following the preliminary work reported by Mayhew and Upp 
(1932) more extensive matings were made in 1932 and 1933 to further 
test th e mode of inheritance of dwarfism and to determine its inter-
r elationship with the creeper and sticky characters . 
In tables 25 and 26 are presented the results of matings made in 
1933. Four sires and thirty-three dams, seventeen of which proved 
to be dwarf carrlers, were involved in matings this season. The num-
ber of normal and dwarf chicks from individual matings are presented 
ln table 25, and the normal and dwarf suspect dead-in-shell are pre-
sented in table 26 . 
Stickiness, described by Byerly and Juli (1930) and (1932), was 
also Involved In one pen and the meager data available are tabulated. 
All males and females were judged by appearance and wei:e classi-
fied as carriers, non-carriers or doubtfuls prior to the breeding season. 
Th esE! classifications are compared to the breeding results obtained. 
Tota ls of 73 dwarfs and 272 normal chicks were obtained from 
the seventeen carrier dams and 256 normal chicks and no dwarfs 
I 
Band number 
Dam of I Sire of 
chicks chicks 
I 











Totals !or carrier hens 












4779' A456 I 
A456 
4788 A456 
Tota ls for carrier hens 








ing hens Pen llOB .. 
I 
Pen lllA 
4844 · I 8118 
4846 8118 















Inheritance of Dwarfism 






























Number of normal 
chicks 
Number of dwarf 
chicks' 
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TABLE 25 ( Continued) 
Inheritance of Dwarfism 
:Progeny ratios of individual matings of 1933 
,,.__ 
Band number Num
ber of normal Number of dwarf Number Classific
ation 




Dam of I 
fertile crippled 
Sire of eggs set I Observed / Expected chic
ks J udgecl I Actual 
,~icks chi cks 
Observed• I Expected• 
P en 
I I I lllB 
4854 8261 85 18 11 1 
s 1 0 I 1 
4862 8261 77 25 28 6 
8 0 0 I l 
4865 3261 106 39 34 6 
11 4 1 l 
4887 8261 46 5 6 s 2 0 ? 
l 
4870 8261 56 20 17 3 
6 0 0 1 
4871 S261 44 4 8 6 
2 2 ? 1 
'l' 4873 8261 5 1 1 0
 0 0 0 1 
0!als for carrier hens 
l'en lllB ·· ·· ······ 368 107 99 
25 88 7 .. .. 
8705 (L) S261 7 7 .. 0 .. 0 0 ?? 
4249 (L) 8261 20 15 .. 0 .. 0 0 0 
4858 3261 81 51 .. 0 .. 0 0 0 
4860 3261 25 19 .. 0 .. 0 0 0 
4866 8261 5 2 .. 0 .. 0 1 ?? 
4869 8261 75 68 .. 0 .. 0 0 0 
'l'otats for non-p roduc-
Ing hens Pen 11 lB . 218 157 all 0
 none 0 .. .. 
I 
'l'otats for jll carrier / I hens-1933 ... .. .... 919 2728 259 73 86 26 .. .. 
I 
I 
'l'otats for a ll non-p ro-
duclng hens 1983 ... 412 256 au 0 none 0 
.. .. 
::::-..... I 
'iNo chick was classified as a dwllt'f unless it had lived fnr at. least two 
weeks and had been selected 
~llt (by apl)earance) as a dwarf from a random group of (circa) 
30 chi cks on at least two occasions at 
~ eekJy intervals. Some chicks were easily identified as dw
arfs at hatching time, while others were somewhat
 
llcertain until four to sbc weeks of age. Some va
riation is tenable since classification ·is dependent
 upon 
~ernaJ symptoms resulting from a g landular disturbance. 
th • H en 4779 exchanged !)ens and produced a number of 
chicks sired by a Wyandotte male. Unfortunately 
1 
e male was het erozygous for rose comb and a ll o
f the chicks sired by h im could not be Identified
 and 
e 1minated. By omitting all of her chicks the totals b
ecome, observed 236 :70 and expected 230 :76. 
1 •Pro
bability t ests of all ratios were det ermined by t h
e tables of Warwick (19S2) for cases in which 
<'tis than 50 individuals were i nvolved. When mo
re t han 50 individuals were concerned the X• t est 
was 
lDl>licd, 
d 'Class!flcation of Breeders: Judged-classific
ation prior to hatching season. Actual- classif
ication 
eterrnfned by breeding r esults. O- non-carrier, I -
carrier, ?--doubtful, ? ?-undetermined because to
o f ew 
Droireny. 




Dwarfism in Embryos 
D ead-in- sh ell embryo ratios of indiv idual matings in 1933 
-
Number normal Number dwarf sus-
Number stick1 Number dead-in-sh ell pect dead-in-shell 
fertile (15 clays or older) (15 days or older) embryos Da m Sire ~ eggs 
I I Expected Observed I set Observed Expected Observed Ex pee~ 
I 
P en 109A 
4734 4016 60 2ii 20 2 7 0 .. 
4738 4016 97 80 28 18 11 0 .. 
4740 4016 72 16 14 4 5 0 .. 
4747 40 16 68 6 11 9 4 12 9' 
4760 I 4016 2 0 1 1 0 l 1or0 
'fotals for carri er h ens 
P en 109A .. .. ....... 289 76 79 29 26 13 10 
4735 4016 2 0 .. 0 .. 0 .. 
4741 4016 61 17 .. 0 .. 0 .. 
4744 4016 5 2 .. 0 .. 0 .. 
Totals for non-produc-




4280 A456 17 1 2 1 0 .. .. 
4779 I A456 84 8 8 8 3 .. .. 
4788 A456 75 16 15 4 6 .. .. 
Totals for carrier hens 
P en llOB ...... .. ... 176 25 25 8 8 .. .. 
4778 
) 
A466 s 0 .. 0 .. .. .. 
4786 l A456 2 0 .. 0 .. .. .. 4787 A466 13 2 .. 0 .. .. .. 
Totals for non-produc-
ing hens Pen U OB ... 18 2 all 0 none .. .. 
P en JllA 
4844 
I 
8118 36 2 3 2 1 .. .. 
4846 8118 60 16 16 6 6 .. .. 
Totals for carrier hens 
P en lllA ····· ······ 86 17 19 8 6 .. .. 
4795 8118 26 6 .. 0 .. . . .. 
479; 811 8 42 10 .. 0 .. . . .. 
4i98 811 8 18 8 .. 0 .. .. .. 
4799 811 8 38 8 .. 0 .. .. .. 
Totals for non-produc-





TABLE 26 (Continued ) 
Dwarfism in Embryos 
D ead-in-sh ell em br yo ratios of individual matings in 1933 -
Number normal Number dwarf sus- Number sticky 
Number dead-in-sh ell pect dead-in-shell 
Dam Sh·e fert ile 
(16 days or older) ( 15 days or older) 
embryos 
tggs 








3261 77 16 16 5 6 .. 
4865 
.. 
3261 106 29 25 4 8 .. 
4867 
.. 
8261 45 25 19 0 6 .. .. 
4870 8261 66 13 11 1 3 .. .. 
4871 8261 44 14 lS 3 4 .. 
Ir 4873 3261 
.. 
5 1 2 l 0 .. .. 
0tnls for carrier h en s 
:Pen lllB ······· ··· · SGS 107 92 15 so .. .. 
3705 3261 7 0 .. 0 .. . . .. 
4249 3261 20 5 .. 0 .. .. .. 
4858 3261 81 9 .. 0 .. .. .. 
4860 8261 25 1 .. 0 .. .. .. 
4866 8261 6 2 .. 0 .. .. .. 
' 4869 8261 75 8 .. 0 .. .. .. 
otals for non-produc-
ing hens P en 111 B . . . 213 26 all 0 none .. .. 
r I Otals for carriers 
in 1938 ... ..... . .. .. 919 226 214 60 71 .. .. 
otals non-producing 
hens in 1988 .. . ..... 412 77 all 0 
none .. .. 
,....._ I 
1 Total normals, (i. e., non-sticky ) including normal chicks, dwarf chicks, normal emb ryos and dwarf 
llsoect embryos make a ratio of 26 normals to 12 sticky embryos 
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were secured from the same males mated to 16 dams yielding negative 
results. The sire of a portion of the chicks trom one hen is not 
definitely known. If the chicks of this hen be omitted, the observed 
ratio become 236: 70 as compared to the expected, for a 3: 1 ratio or 
230: 76. Of chicks dead-in-shell (15 days or older) examined from the 
carrier hens, 60 were classified as dwarf suspects as compared to 225 
normals (table 26). The deficiency in the dwarf suspect class may be 
due to inability to recognize the dwarf embryos or it may be due to 
variation in time and degree of expression of the dwarf character. 
Seventy-seven normal dead-in-shells and no dwarfs were examined 
from the negative hens. 
Particular mention is made of hen 4249 and her daughters. Durlng 
the 1932 season this White Leghorn hen was mated to a proven 
dwarf carrier, a Rhode Island Red male, and produced 31 normal 
chicks and no dwarfs. In 1933 she was mated to her crossbred son 
that also proved to be a dwarf carrler and produced 15 normal 
chicks and no dwarfs. Eight daughters of 4249 sired by the known 
carrier Red male used Jn 1932, were included in the 1933 matings. 
Four of them were mated to a full brotb'er and the other four mated 
to proven dwarf-producing males. Three o~ those mated to t)J.eir 
brother proved to be carriers and one a non-carrier. One of those 
mated to other positive males proved to be a carrier, and three gave 
negative results. The four carrier daughters produced 80 normal and 
22 dwarf chicks, while the negative daughters produced 111 normals 
and no dwarfs. The dwarfism character was thus transmitted by, 
but not expressed in, the F, crossbred birds and reappeared in both 
sexes In the F• generation as would be expected of a simple autosomal 
recessive. 
Pen 109-A was a brother-sister (Fi) mating with the exception 
of two pullets and one of these was a half-sister to the sire. The 
breeders in this pen, except the two noted, were the 1932 offspring 
of a stickiness carrier hen obtained from the U. S. Department of 
Agriculture experimental farm at Beltsvllle and a dwarf carrier male. 
It was determined during the 1932 season that the two sticky hens, 6220 
and 6223, carried dwarfism as well as stickiness. A sibling mating 
was made in 1932 in an attempt to determine the inter-relationship 
of dwarfs and stickiness. In view of previous results it was surmised 
that some pullets might carry dwarfism, others stickiness, still others 
both of these characters, and some pullets neither of them. Fortun-
ately the sire beading this pen carrl d both stickiness and dwarfism. 
Unfortunately a number of the pullets could not be induced to lay 
in trapnests, consequently no hatching record was obtained from them 
and only a limited number of chicks was hatched from some others. 
Two hens produced sticky embryos although In only one case was the 
number identified of appreciable size. Hen 4747 produced 12 sticky 
embryos to 26 non-sticky embryos and chicks. This hen was also a 
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dwarf producer, her totals for the season being 10 normal chicks 
to 1 dwarf and 6 normal dead-in-shell to 9 dwar.f suspect dead-in-
shell or combined totals of 16 normals to 10 dwarfs. Three of the 
sisters produced dwarfs but no stickys and one produced 27 normal 
chi cks and 17 normal dead-in-shell with no dwarfs or stickys. In no 
case did a hen produce sticky chicks but no dwarfs. The numbers 
involved are small but it appears that dwarfism and . stickiness are 
inherited as separate characters. 
During th e past two years a considerable number of crippled 
chicks appeared in various dwarf matings. These chicks walk on 
th eir "hocks" and apparently have no use of their feet and shanks. 
The left leg, the right leg or both may be affected and the char-
acterl s tic may be present at hatching time or may develop even after 
the chicks are several weeks of age. Chicks have been observed that 
were crippled yet were not dwarfs; but only three cases were noted 
this past season in which crippled was not associated with dwarfism 
as compared to 25 cripples that were also dwarfs. Only about one-half 
of the dwarf-producing dams produced any crippled chicks. No at-
tempt is made at this time to explain the inheritance of thls condi-
tion. . 
The pllenotypic classification of the breeders prior to the hatching 
season, as judged by appearance, ls compared to the proven classi-
fication as determined by subsequent breeding tests. The results 
are of interest although the numbers involved are too small to be 
conclusive. 
All proven non-carriers, seven in a ll, were so judged, and of the 
six judged as car riers, four proved to be positive and the remaining 
two had too few progeny to be proven. Of the total of seventeen proven 
carriers, four were judged as carriers, three as doubtful and ten as 
non-carri ers. In other words, it appears that some dwarf carriers can 
be detected by appearance prior to a breeding test while others can-
not be so selected. 
It Is perhaps significant to note that while the number of dwarfs 
is, in general, below the expected number and ratios of individual 
sires and dams vary widely; yet in none of the 43 matings is the 
ratio outsid e the probability range. 
All data available are summarized in table 27 . The grand totals 
from 33 clams and 10 sires were 464 normals to 123 dwarfs, as com-
pared to an expected ratio of 441: 146. If, however, the data of hen 
4779 are omitted (the case wherein some uncertainty exists) the 
obs rvecl ratio becomes 428:120 and expected ratio 411:137. 
Totals of 388 normal chicks and no dwarfs were observed from 





Results of Ind ividual Matin as Prior to 1933 
Grand Totals for All Data 
Number of normal 
Sire's Total chicks number number of chicks I Expected Observed 
Number of dwarf 
chicks 
Obse1·ved I Expected 
Warren (19SSb) Data from Kansas Agr. Exp. Station 
(19~7) I 
8H8 978M 24 18 18 6 6 
8888 978M 19 16 14 s 6 
Total Sire ·· ··· · 978M 48 84 82 9 11 
(1928) 
8448 1037M 19 16 14 8 5 
1894A 10S7M 17 16 18 1 4 
1404A 1037M 9 7 7 2 2 
1414A 1087M 18 14 14 4 4 
Total Sire ...... 10S7M 68 68 48 10 15 
Carrier hens and carrier males: Data from Mayhew and Upp (1982) 
SS 1 6 5 4 or 5 1 ! 1 or 2 89 1 27 21 20 6 7 
60 1 7 6 6 1 2 
80-12 100 17 14 18 s 4 
Totals for carrier sire matings . .... 57 46 43 11 14 
I 
Same carrier hens and negative males 
88 99 and F425 22 22 .. 0 I .. 
89 98, F425, & 84 2G 25 .. 0 .. 
60 6 6 .. 0 .. 
80-12 911 11 11 .. 0 .. 
Total carrier hens mated to 












TABLE 27 (Contnued) 
Results of Individual Matin gs Prior to 1933 






Number of normal 
chicks 
Observed / Expected 
Data from Louisiana Agr. E xp . Station 1932 
I 
I 
A466 11 9 8 
A466 11 8 8 
A456 2S 21 17 
A456 7 s 5 
carrier hens mated to 
carrjer males ·· ····· ······· ···· 52 41 S9 
I 
P en 109 
4246 A456 2 2 .. 
4247 A456 7 7 .. 
4249 A456 81 81 .. 
L eg. 
Total for negative hens P en 109 .. . 40 40 all 
I 
Carrier hens mated to carrier males 
i 
P en 102 
4621 
I 
8118 25 17 19 
4680 8118 2 1 2
 
Total carric·r hens and carr ier 
males P en 102 ··· ··· ····· ······ 27 18 
21 
Same carrier hens mated to negative males 
4621 898 15 15 
.. 
46SO 398 14 14 
.. 
Total carrier hens and negative 
males Pen 102 ......... ... ... .. 29 29 all 
I 
Number of dwarf 
chicks 

















Summar ized data for 1983-Louisiana Agr. Exp. Station 
Totals producer matings 1988 . .... 845 
272 269 78 86 
Totals non-producer matlna-s 1983 . . 256 
256 256 0 0 
Grand total all producer matinirs . . 687 
4642 440 128 147 
Grand total all non-producer 
matinirs .. . ....... .. .••.• .. . .. .. 888 
888 all 0 0 
1 H ens 6220 and 6228 were proven sticky carriers but produced 
no sticky chicks (from a 
total of 80) when mated to male A456, a proven dwarfism carrier. Th
is lends further SUJ>port 
to the contention that dwarfism and stickiness are distinct characters. 
•If data on hen 4779 are eliminated ratios become (Observed 428 :12
0). (Expected 411 :187). 
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lt is concluded that dwarfism is inherited as a simple autosomal 
recessive. 
Table 28 presents detailed data showing the incidence of dwarf-
ism by sexes, for chicks and for dead embryos. Examination of these 
data reveals that dwarfism occurred in the two sexes with equal 
frequency. 
Dwarfism, chondrodystrophy, the sticky character and the creeper 
character are similar in that abnormal bone development is involved 
in all of them. In dwarf, chondrodystrophic, and creeper individuals 
a decided shortening of the leg bones is apparent, Landauer (1933). 
Chondrodstrophy affects embryos in a manner quit similar to that 
in which dwarfism affects cbicl{s. These observations led to specula-
tion as to whether or not some of these conditions might be caused 
by the same genes. Certain matings were made to ascertain the 
relationships of these characters. 
Some evidence that the dwarfism, creeper and sticky characters 
are distinct abnormalities, is presented in table 29. 
A total of seventy normal (as to dwarfism) chicks and no dwarfs 
produced from matings in which one parent was a creeper and the 
other carried dwarfism indicates that these characters are inherited 
independently. A sire carrying dwarfism and stickiness mated to a 
creeper dam produced six normal dead -In-shell embryos and chicks and 
no sticky embryos. This is insufficient evidence from which to draw 
conclusion . Totals of 36 heterozygous creepers to 34 normals were 
obtained from matings In which one parent was a creeper; while 10 
normals, 29 heterozygous creepers, and 11 homozygous creepers were 
produced by creeper X creeper matings . The observed numbers are 
close to those expected from such matings. The apparent interrelation-
ships of these characters may be summar.ized in a few statements. Chon-
drodystrophy, as revealed by clata previously given In this report, was 
not especially associated with any of the above types of matings. The 
s tickiness and dwarfism traits were likewise shown to be inherited 
independ ntly and the creeper character to be distinct from dwarfis1?1· 
Ad quate data were not obtained to test the relationship of the sticki-












Total Si re A456 28 
4844 11 
4846 4 
Total Sire 8118 15 
TABLE 28 
Dwarf Producer Matin11s 1933-Sex of Embryos and Chicks 
Together W ith Some Comparative Data from the Kansas tation 
N ormal Chicks Dwarf Chicks1 Normal Dead-in- hell 
I Females I Sex? Males I Females I Sex? Males I Females I Sex? 
P en 109-A Sire 4016- Si re and Dam both dwarf carriers 
I s 2 1 1 3 13 11 l 
11 4 0 s 2 15 10 5 
15 1 1 s 1 6 7 2 
4 0 1 0 0 5 1 0 
0 1 0 0 0 0 0 








P en 110-B Sire A456--Sire non-carrier; dam carrier. A4 56 h imsel[ a proven carrier last sea son 
I 
2 0 3 1 0 1 0 0 1 
19 2 2 1 ·o 5 s 0 2 
12 0 3 7 2 4 11 1 1 
33 2 8 9 2 10 14 1 4 
Pen 111-A Rire 8118- Himself a proven carrier last season 
5 0 0 3 3 0 1 I 1 2 
9 1 1 2 4 8 7 I 0 2 
14 1 1 5 7 8 8 I 1 4 
Dwarf Suspects 
Dead-in-Shell 














1 Thirty-six dwarfs died before 4 weeks of age and t hir ty-seven lived to be 4 to 20 weeks of age. None attained se>rnal matur ity ; therefore dwarfism 










Total Sire 3261 48 
Totals for all known 
carriers-1933 ...... 122 
8448 7 
8388 6 





Total Sire 1037M 5 
TABLE 28 (Continued) 
Dwarf Producer Matings 1933-Sex of Embryos and Chicks 
Together W ith Some Comparative Data f rom the Kansas Station 
Normal Chicks Dwarf Chicks' Normal Dead-in-Shell 
I Females I Sex? Males I Females I Sex? Males I Females I Sex? 
P en lllB Sire 3261 R. I. Red X Leghorn Crossbred- Sire carrier, dam non-carrier 
7 1 1 0 0 4 5 0 
13 2 1 1 4 8 7 1 
14 3 6 0 0 11 17 1 
4 0 0 1 2 13 11 1 
11 2 0 2 1 7 4 2 
1 0 2 1 8 8 6 0 
0 1 0 0 0 1 0 0 
50 9 10 5 10 52 50 5 
130 
1 
20 I 22 26 25 109 lOl 15 
(1927) Sire 978M-Data from Kansas Agr. Exp. Station, Warren (1933) 
I I 
11 I 0 2 4 0 ... ... .. 10 0 0 1 2 .. . ... .. 
21 
I 
0 2 5 2 ... .. . .. 
(1928) Sires 1037M 
2 14 0 2 
2 12 1 0 0 
0 5 0 0 2 
2 11 2 
6 42 2 3 5 
Dwarf Su ·pects 
Dead-in- hell 
Males I Females I Sex? 
0 1 0 
1 4 0 
s 1 0 
0 0 0 
1 0 0 
1 2 0 
0 1 0 
6 9 0 
24 33 3 
. . .. . . 
. . .. . . 
. . .. .. 
i. Thirty.six dwaTfs died befoY"e 4. weeks of age and thirty-seveu \iv ed to be I\ to 20 w eeks of age.. None attained se.xua\ matu-rity ~ tbere.t.oTe d:wa:rt\aft\. 
u.a. ... '"be. c\aa-.ed. """' a. i\~\a.ye.d,..\.e.'\:.b.a.\ cb.a."T~. 
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TABLE 29 
Relationship of the Creeper Character to Dwarf an





I I Hetero- I I I 
Homo-
matings Male Female Normals zygous 
Dwarfs Stickys zygous 
creepers Creepers 
7 Dwarf carrier x Creeper 20 25 0 
.. .. 
l Creeper x Dwarf 
carrier 11 8 0 
.. .. 
l Sticky and 
dwarf carrier x Creeper s s 0 
0 .. 





The results have been discussed rather fully In each section as 
the data were presented, therefore this section ls brief. 
This study calls att ntion to the importance of breeding as a 
cause of variations in the embryo mortality curve. 
It is worthy of mention that the incidence of abnormal embryos 
was greater in this material than in previously reported work. Part 
of this increase is due to the fact that some conditions were considered 
as abnormalities herein, that were not included by previous in-
vestiga tors. This does not account for all of the difference, however, 
because a direct comparison of terata of various kinds revealed more 
frequent occurrence of these in the present study. It ls believed that 
the more complete examination of the dead embryos of all ages Is 
responsible in part for the differences obtained. Breeding stoclc Is 
shown to be a primary factor in the incidence of c rtain types of 
anomalies. 
hondrodystropby did not vary seasonally in the Louisiana data 
as it had been reported to vary in data coll ected in Canada. It is 
an intere ting specu lation as to whether or not the inconsistency ls 
due to differences in geographic location and attendant environmen-
tal differences. Curiosity is likewise aroused as to why abnormalities 
of the eyes occurred more frequently later in the season while no 
other anomaly showed this tendency. Furtl~er work is needed to 
verify these points. 
Whether or not chondrodystrophy is inherited has not been defi-
nitely answered but further evidence Is presented whi.ch supports the 
hypothesis that it has a com plex hereditary background. 
The proposed hypothesis that an impaired sense of orientation 
Is the basic factor underlying all malposltlons will be questioned. 
It must have addi tional support before final conclusions are drawn. 
It Is believed, however. that the data lend support to this premise. 
Evidence presented leads to the conclusion that a sex-linked 
lethal gene was present In the highly Inbred single comb White 
Leghorn stock. 
The breeding results secured indicate definitely that dwarfism is 
inherited as a simple autosomal recessive. A fertile field of work 
Is available In hi stological and physiological studies of this character 
and In similar work as to the Interrelationships of dwarfism, stickiness, 
the creeper character and chondrodystrophy. 
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SUMMARY AND CONCLUSIONS 
J. A study has been made of embryo mortality in the domestic 
fowl and of the possible inheritance of the abnormalities commonly 
encountered. Four thousand one hundred and eighty dead embryos 
of known pedigree from 16,462 fertile eggs produced by 567 hens 
mated to 86 males were examined individually. 
2. Particular consideration has been given to the age of the em-
bryos at death, to distribution of the sexes and to incidence and 
descriptions of all abnormal embryos encountered ; as influenced by 
time of hatch, by breed, by cha racter of mating and by ancestry. 
3. Mortality curves were of the same general type for the dif-
ferent matings included in the study but some striking minor varia-
tions were noted. 
4. A minor peak of mortality at about ten days of incubation 
was characteri stic of the White Wyandotte and Creeper matings 
only. 
5. Particularly high mortality during the first four days of in-
cubation was found for the stickiness, albino Wyandotte, and the 
creeper matings. 
6. Matings involving the sticky factor showed exceptionally high 
18th day mortality. 
7. Closely inbred S. C. W. Leghorn matings, which were also 
'high ma lposition ' stock, gave a different type of mortality curve for 
the latter part of the incubation period. Mortality increased con-
sistently from the 16th through the 21st day of incubation for this 
stock. 
8. The major peak of morta li ty occured variously on the 18th, 
19th, 20th or 21st day of incubation, dependent upon the character of 
mating und er consideration. 
9. The percentage of embryos that died on or after the 21st day 
of incuba tion varied for matings of different types, from 2.27 percent 
to 24.12 percent of the total embryo mortality. 
10. It is concluded that the exact type of the mortality curve 
varies app recia bly for different breeding stock. 
11. The distribution of prenata l mortality did not show any con-
s istent seasonal trend for eggs set on different dates. 
12. From 9,110 fertile eggs set, all of the embryos that died were 
examined. Slightly more than 60 percent of a ll dead embryos, or over 
15 percent of the fertile eggs set, were classified as being abnormal 
in some way. 
13. Chondrod ystropby was noted in 6.55 percent of total dead 
embryos or as 1.79 percent of th e total fertile eggs set. 
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14. The incidence of eight types of monsters was greater in this 
study than in previous work reviewed. 
15. Eye and brain defects constituted 47.85 percent of all terata 
examined. 
16. Chondrodystrophy, hemorrhage, malposltions and delayed 
hatch varied widely in occurrence for different types of matings and 
for different breeds. 
17. Contrary to previous reports, the incidence of chondrodys-
tropby did not vary in this study with the season in which the eggs 
were incubated. 
18. Abnormalities of the eyes revealed a marked seasonal trend, 
becoming more frequent as the season advanced. The incidence of 
h morrhage · decreased for later hatches, but the trend was not pro-
nounced. Season had little affect, however, upon the occurrence of 
most types of abnormal embryos. 
19. The sex ratio of dead embryos was not influenced by the 
date the eggs were set. 
20. When considered by sires, the incidence of eversion of viscera 
varied at random, while abnormal eyes, delayed hatch, hemorrhage, 
and edema varied i:nore according to sire than could be attributed to 
chance. No evidence of the presence of genetic ratios was apparent. 
21. The incidence of total malpositions was independent of sex 
for all matings except the highly inbred stock. In this case 63.27 
percent of all malpositions were females. However, on a basis or per-
centage of each sex that died the incidence of malpositlons was similar 
for each of th sexes in the inbred matings also. 
22. ertaln sires produced a positive excess of dead female em-
bryos and others produced sex ratios that were probably abnormal. 
23. Chondrodystrophy varied too greatly In fifty-three individual 
matings tested to be accounted for by chance variation. Limited 
breeding data suggest that chondrodystrophy may be inherited. It is 
concluded that, if inherited, chondrodystrophy is recessive in character 
with at least three pairs of factor s involved. 
24. Malposition 1, head between legs, malposition 4, rotated in 
shell, and malpositlon 5, head not under wing, occurred at approx-
imately the same rate in the non-inbred stock of this study. In the 
highly inbred stock, In which the incidence of malpositlons was much 
bl~her, malpositlon 5 appeared much more frequently than did any 
other position. 
25. It was observed that a given dam or a given sire often pro-
duced several different types of malpositlons. The regularity with 
which this " ccurred suggests the hypothesis that no innate differences 
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underlie specific positions, but rather that an impaired sense of 
orientation is perhaps the primary consideration. 
26. Incidence of malpositions was much higher in the inbred 
stock and it increased markedly in the inbred matings of 1933 as 
compared to those of 1932. These facts are considered as evidence 
that breeding is an important factor in the occurrence of malpositions. 
27. Abnormal sex ratios of dead embryos were produced by cer-
tain highly inbred S. C. W. Leghorn males and by some of their sons. 
It is concluded that a sex-linked lethal gene was responsible for the 
aberrant sex ratios observed. 
28. An increased incidence of female malpositions was noted 
in the matings which produced the aberrant sex ratios. 
29. Breeding tests concerning the inheritance of the delayed 
lethal character, dwarfi sm, involving 32 dams and 10 sires, produced 
428 normals and 120 dwarfs as compared to an expected ratio of 411 :-
137. It is concluded that dwarfism is inherited as a simple autosomal 
recessive. 
30. A condition Jn chicks designated as crippled was associated 
with dwarfism in 25 cases and appeared independently of dwarfism 
in 3 cases. The mode of inheritance of this condition has not been 
determin ed. 
31. As shown by subsequent breeding tests, some carriers of 
dwarfi sm are recognizable by appearance while others a r e not. 
32. Breeding results indicate that (a) dwarfism and stickiness are 
controlled by separate genes, (b) creeper and dwarfism are distinct 
traits and (c) cbondrodystrophy is not associated in inheritance with 
any of these characters. 
33. Adequate data were not obtained to test the relationship of 
the stickiness an d creeper traits in inheritance . • 
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